La regolazione dell’espressione del gene per il Recettore

dell’Estrogeno α (ERα) in osteoblasti umani:

ruolo di Runx2, AP-1 e NFATc1 by Tavanti, Elisa
   
 Università degli Studi di Ferrara
 
 
DOTTORATO DI RICERCA IN  
"FARMACOLOGIA E ONCOLOGIA MOLECOLARE" 
 
CICLO XXI 
 
 
 
COORDINATORE Prof. Pier Andrea Borea 
 
 
 
 
 
 
 
La regolazione dell’espressione del gene per il Recettore 
dell’Estrogeno ! (ER!) in osteoblasti umani:  
ruolo di Runx2, AP-1 e NFATc1 
 
 
 
 
Settore Scientifico Disciplinare BIO/10 
 
 
 
 
 
 
 
 
 
 
 Dottorando  Tutore 
 Dott. Tavanti Elisa Prof. Piva Roberta 
 
 
 
 
 
Anni 2006/2008 
 
 
INDICE  
 
INTRODUZIONE          1 
IL TESSUTO OSSEO          1 
Formazione del tessuto osseo         1 
Rimodellamento osseo          2 
GLI OSTEOBLASTI E I FATTORI INDUCENTI IL LORO DIFFERENZIAMENTO  8 
RECETTORE PER GLI ESTROGENI !  (ER!)       13 
Ruolo di ER! nell’organismo umano        13 
Struttura di ER!           14 
Meccanismo d’azione          15 
Organizzazione genomica del gene di ER!        19 
Ruolo di ER! nel tessuto osseo         25 
Estrogeno ed osteoblasti          27 
Geni estrogeno responsivi in cellule di osso       29 
AP-1            31 
Fattori trascrizionali della Famiglia AP-1       31 
Fattori trascrizionali ATF/CREB         35 
RUNX2            39 
NFATc1            42 
Ruolo di NFATc1 negli osteoclasti        42 
Ruolo di NFATc1 negli osteoblasti        44 
SCOPO            46 
MATERIALI E METODI         48 
Colture cellulari           48 
Immunocitochimica          49 
Estrazione dell’RNA          49 
Reversione in cDNA          50 
RT-PCR-quantitativa          51 
Preparazione degli estratti nucleari        52 
Preparazione degli estratti cellulari        53 
Western blotting           53 
Preparazione dei costrutti          54 
Altri costrutti           56 
Saggio di luciferasi          56 
Silenziamento genico mediante Small Interfering RNA (siRNA)     58 
Esperimenti di decoy          58 
EMSA (Electrophoretic mobility Shift Assay)       59 
Saggio di immunoprecipitazione della cromatina (ChIP)      60 
Analisi dell’apoptosi          63 
Mineralizzazione           64 
Analisi statistica           64 
RISULTATI           65 
1.ANALISI BIOINFORMATICA DEL PROMOTORE F DI ER!    67 
2.DESCRIZIONE DEL MODELLO CELLULARE SaOS-2     71 
2.1.ANALISI DELL’ESPRESSIONE DELLE PROTEINE ER!, RUNX2, AP-1 E NFATc1 75 
3.ANALISI FUNZIONALE DEL PROMOTORE F      77 
4.IL RUOLO DELLE PROTEINE ER!, RUNX2, AP-1 E NFATc1 NEL PROMOTORE F DEL 
GENE DI ER!           83 
4.1.RUNX2           83 
4.1.1.ANALISI IN VIVO DELL’INTERAZIONE DI RUNX2 AL PROMOTORE F  83 
4.1.2.ANALISI IN VITRO DELL’INTERAZIONE DI RUNX2 AL PROMOTORE F  86 
4.1.3.L’EFFETTO DEL SILENZIAMENTO DI RUNX2      91 
4.1.4.VALUTAZIONE DELL’ESPRESSIONE ESOGENA DI RUNX2 SULL’ATTIVITA’ DEL 
PROMOTORE F           96 
4.1.5.VALUTAZIONE DEL RUOLO FUNZIONALE DEI SITI RUNX2 MEDIANTE 
MUTAGENESI SITO-SPECIFICA        99 
4.2.ER! E AP-1           101 
4.2.1.VALUTAZIONE DELL’ESPRESSIONE ESOGENA DI ER! SULL’ATTIVITA’ DEL 
PROMOTORE F           101 
4.2.2.ANALISI IN VIVO DELL’INTERAZIONE DI ER! E AP-1 AL PROMOTORE F  103 
4.2.3.ANALISI IN VITRO DELL’INTERAZIONE DI ER! E AP-1 AL PROMOTORE F  107 
4.2.4.VALUTAZIONE DEL RUOLO FUNZIONALE DEI SITI ER! E AP-1 MEDIANTE 
MUTAGENESI SITO-SPECIFICA        123 
4.3.NFATc1           127 
4.3.1.BACKGROUND          127 
4.3.2.ANALISI IN VITRO DELL’INTERAZIONE DI NFATc1 AL PROMOTORE F  130 
4.3.3.STRATEGIA DECOY         134 
4.3.4.ANALISI DELL’EFFETTO DELLA DEPLEZIONE DI NFATc1 MEDIANTE DECOY 136 
4.3.5.ANALISI IN VIVO DELL’INTERAZIONE DI NFATc1 AL PROMOTORE F E AL 
PROMOTORE C          144 
4.3.6.VALUTAZIONE DEGLI EFFETTI SULLA FUNZIONE DI ER!    146 
DISCUSSIONE           149 
BIBLIOGRAFIA          161 
INTRODUZIONE 
 
!"#$%&&'$(#(&&%(#
#
!)# *+,,-*.# .,,+.# /# -0# *+,,-*.# 1.00+**23.# ,4+125)2665*.# 7.*5*.# 72# 48.482+*9# +)5,*21:+# +# 72#
8+,2,*+065;#4+8#<-+,*.#=.*23.#/#20#>857.#72#5,,.)3+8+#,25#5#?-062.02#72#*24.#=+115021.#@.??8+#
,-44.8*.# +# ,2*2# 72# 5>>5012.# 4+8# )5#=-,1.)5*-85# ,1:+)+*8215AB# ,25# 5# ?-062.02# 48.*+**23+# 4+8# >)2#
.8>502# 32*5)2# @57# +,+=42.# 1+83+)).B# 1-.8+# +#=27.)).# .,,+.AB# 0.01:C# ?-062.02#=+*5D.)21:+# 72#
482=5825#2=4.8*5065E#"5#=5*821+#=20+85)2665*5B#20?5**2B#85448+,+0*5#)5#48201245)+#82,+835#72#2.02#
=20+85)2B# 20# 458*21.)58+# 15)12.# +# ?.,?5*.E# F-+,*.# *+,,-*.# /# 1.=4.,*.# 48201245)=+0*+# 75# 7-+#
4.4.)562.02# 1+))-)582B# .,*+.D)5,*2# +# .,*+.1)5,*2B# 75# ?2D8+# 1.))5>+0+# @2)# 1.))5>+0+# 72# *24.# !#
85448+,+0*5# 2)#GHI#7+))+#48.*+20+# *.*5)2AB#+#75#48.*+20+#0.0#1.))5>+021:+#1.=+#.,*+.4.0*205B#
48.*+205#,25)215#+#.,*+.15)1205E#J+))K20,2+=+#<-+,*+#48.*+20+# )+>50.#182,*5))2#72# 278.,,2545*2*+#
@?.,?5*.#72#15)12.A#+#1.=4.0>.0.#)K.,,.#=20+85)2665*.E##
#
Formazione del tessuto osseo 
".#,1:+)+*8.#/#?.8=5*.#75#7-+#*242#72#*+,,-*2#1.00+**232#72#.82>20+#=+,+01:2=5)+L#158*2)5>20+#+7#
.,,.B#2#<-5)2#,.0.#?.8=5*2#82,4+**235=+0*+#75#1.078.12*2#+7#.,*+.D)5,*2E#
".# ,32)-44.# .,,+.B# 7-850*+# )K+=D82.>+0+,2B# ,2# 58*21.)5# 5**853+8,.# 48.1+,,2# D+0# 48+12,2L#
)K.,,2?21562.0+# 20*85=+=D850.,5B# +07.1.0785)+# +# ,-*-85)+E# M**853+8,.# )K.,,2?21562.0+#
20*85=+=D80.,5#,2#?.8=50.#)+#.,,5#425**+#7+)#18502.#+#7+))5#=5072D.)5L#20#<-+,*.#48.1+,,.#>)2#
.,*+.D)5,*2B# )+# 1+))-)+# 7+4-*5*+# 5))5# ?.8=562.0+# 7+))K.,,.B# 72??+8+06250.# 75# 1+))-)+#
=+,+01:2=5)2# +7# 2026250.# 5# 48.7-88+# +# ,+1+80+8+#=5*821+# +N*851+))-)58+# @)K.,*+.27+A;# <-+,*5#
,-11+,,235=+0*+# =20+85)2665# +# ,2# 82.8>502665# .82>20507.# .,,.# 1.=45**.E# "5# =5>>2.8# 458*+#
7+))+# .,,5# ,2# ?.8=50.# =+7250*+# 2)# 48.1+,,.# 72# .,,2?21562.0+# +07.1.0785)+L# )+# 1+))-)+#
=+,+01:2=5)2#72??+8+06250.#20#1.078.12*2B#?.8=507.#-05#,*8-**-85#158*2)5>20+5#*+=4.850+5#1:+#
# O
?-0>+# 75# =.7+)).# 4+8# <-+))5# .,,+5E# P50# =50.# 1:+# )5# 158*2)5>20+# 5-=+0*5# 72# 3.)-=+B# 2#
1.078.12*2# 7+))5# 458*+# 42Q# 20*+805# ,=+**.0.# 72# 48.)2?+858+B# +# 72??+8+06250.# 20# 1.078.12*2#
24+8*8.?212# 1585**+82665*2# 75# -05# 5-=+0*5*5# 72=+0,2.0+# +# 75))5# 154512*9# 72# ,+1+80+8+#=5*821+#
+N*851+))-)58+# 1:+# 15)12?215E#%,,2B# 5# 15-,5#7+))K5,,+065#72# 0-*82+0*2B#=-.2.0.# )5,12507.#7+))+#
1532*9# 5))K20*+80.#7+))5# 158*2)5>20+E#"+# 1+))-)+#=+,+01:2=5)2# 1:+# 1281.0750.#<-+,*5# ,*8-**-85#
1.,*2*-2,1.0.# 2)# 4+821.0782.E# M# <-+,*.# )23+)).B# 20# ,+>-2*.# 57# .44.8*-02# ,*2=.)2# 207-**232B# >)2#
.,*+.D)5,*2# 2026250.# 5# 72??+8+06258+# +# 5# ,+1+80+8+#=5*821+# 0.0#=20+85)2665*5B# 1:+# 20# ,+>-2*.#
7589# .82>20+# 57# .,,.# 1.=45**.# 5**853+8,.# )5# ?.8=562.0+# 72# 0-.32# 35,2# ,50>-2>02E# R)2#
.,*+.D)5,*2# =2>850.# ,-11+,,235=+0*+# 0+))+# 1532*9# 5))K20*+80.# 7+))5# 158*2)5>20+B# ,.,*2*-+07.)5#
1.0# )5# ?.8=562.0+# 72# .,,.# ,4->0.,.E#R)2# .,*+.D)5,*2B# 1:+# 82=50>.0.# 20*8544.)5*2# 5))K20*+80.#
7+))5# =5*821+# =20+85)2665*5B# 72??+8+06250.# 20# .,*+.12*2B# -)*2=.# ,*572.# 7+)# 72??+8+0625=+0*.#
.,*+.D)5,*21.E#
R)2#.,*+.1)5,*2B#)+#1+))-)+#8+,4.0,5D2)2#7+)#825,,.8D2=+0*.#.,,+.B#20*+83+0>.0.#0+)#48.1+,,.#72#
?.8=562.0+#7+)# *+,,-*.#.,,+.#+8.7+07.# )5#458*+# 1+0*85)+#7+))5# ,*8-**-85B#+#7507.#.82>20+#5))5#
1532*9#=27.))58+E#!0#,+>-2*.B#>)2#.,*+.D)5,*2#48.,+>-28500.#2)#48.1+,,.#72#,32)-44.#8+5)266507.#
)K5118+,12=+0*.#7+)#725=+*8.#+#7+))5#)-0>:+665#7+))K.,,.#@S58*=50B#THHUAE##
!)# 48.1+,,.# ,-*-85)+# 20*+832+0+B# 203+1+B# 0+))K5118+,12=+0*.# 7+))+# .,,5# 7+)# 32,.# +# 7+)# 18502.#
4+8=+**+07.B#5**853+8,.#-0#1.0*20-.#511.=.75=+0*.#7+))+#,-+#72=+0,2.02B#)5#1.88+**5#18+,12*5#
7+>)2#.8>502#1:+#8511:2-7+#+#12./#7+)#1+83+)).#+#7+>)2#.11:2#@&*.8+V#OGWTAE#
#
Rimodellamento osseo 
!)# *+,,-*.# .,,+.# 4-X# +,,+8+# 7+?202*.# -0# *+,,-*.# 7205=21.;# )5# =5*821+# 72# 1-2# /# 1.=4.,*.# 35#
201.0*8.B# 20?5**2B# 5# 1.0*20-2# 121)2# 72# 82=.7+))5=+0*.# 0+1+,,582# 5# ,.772,?58+# +,2>+06+# 72#
575**5=+0*.#5#15821.#72#*24.#=+115021.#+#72#=50*+02=+0*.#7+))K.=+.,*5,2#72#15)12.#+#?.,?.8.E#
F-+,*+#=.72?21562.02#121)21:+#,.0.#1585**+82665*+#75# ?5,2#1..87205*+#72# 825,,.8D2=+0*.#.,,+.#
75#458*+#7+>)2#.,*+.1)5,*2#@Y.-,,+))+#507#S+V=500#THHTA#+#7+4.,262.0+#72#0-.35#=5*821+#57#
# T
.4+85# 7+>)2# .,*+.D)5,*2# @M>-2)5# +*# 5)B# THHZA;# <-+,*2# 7-+# *242# 1+))-)582B# <-2072B# 1.))5D.850.# 20#
<-+,*.#48.1+,,.#20#<-+))5#1:+#32+0+#1:25=5*5#[.0+#P-)*21+))-)58#'02*#@[P'A#@?2>-85#OAE#
#
Figura 1. ')*85,*8-**-85# 72# -05# ,+62.0+# 72# .,,.# )-0>.# 1.0# 85448+,+0*562.0+# 72# -05# *24215# \[.0+#P-)*21+))-)58#
'02*]#
#
^+8#.>02#121).#72# 82=.7+))5=+0*.#3+0>.0.# 821.0.,12-*+# *8+# ?5,2#1.0,+1-*23+L# 825,,.8D2=+0*.B#
203+8,2.0+#+#?.8=562.0+B#?2>-85#T#@_+=4,*+8#+*#5)B#THHUAE##
#
#
Figura 2.#P.7+)).#5#*8+#?5,2#7+)#121).#72#82=.7+))5=+0*.#.,,+.#@`.0*+#P5*,-.#507#!82+B#THHaA#
# b
!)# 825,,.8D2=+0*.# 202625# 1.0# )5#=2>8562.0+# 72# 48+1-8,.82# .,*+.1)5,*212#=.0.0-1)+5*2# 3+8,.# )5#
,-4+8?212+#.,,+5B#7.3+#1.=4)+*+8500.#2)#72??+8+0625=+0*.#20#.,*+.1)5,*2#=-)*20-1)+5*2E#_.4.#2)#
1.=4)+*5=+0*.# 72# <-+,*5# ?5,+B# 202625# <-+))5# 72# 203+8,2.0+# 0+))5# <-5)+# 202625)=+0*+# )K5**232*9#
7+>)2# .,*+.1)5,*2# /# ?.8*+=+0*+# 202D2*5# +# 4.2# >)2# .,*+.,*+.1)5,*2# ,*+,,2# 3500.# 201.0*8.# 57#
54.4*.,2E#M)*8+#1+))-)+#=.0.0-1)+5*+#?500.#2)#).8.#20>8+,,.#,-))5#,-4+8?212+#.,,+5#,+1+80+07.#
?5**.82# 0+1+,,582# 4+8# 2)# 72??+8+0625=+0*.# +# )5# =2>8562.0+# 7+>)2# .,*+.D)5,*2E# "5# ?5,+# 72#
?.8=562.0+#48+3+7+#1:+#>)2#.,*+.D)5,*2#544.0>50.#0-.35#=5*821+#@.,*+.27+AB#?20.#5#1:+#0.0#,2#
,25# 3+82?215*.# 2)# 1.=4)+*.# 82482,*20.# 72# *-**.# )K.,,.# 1:+# +85# ,*5*.# 48+1+7+0*+=+0*+# 82=.,,.E#
F-507.#501:+#<-+,*5#?5,+#>2-0>+#5#1.=42=+0*.#)5#,-4+8?212+#.,,+5#32+0+#821.4+8*5#75#1+))-)+#
72#823+,*2=+0*.B#,.)2*5=+0*+#4+8#-0#4+82.7.#48.)-0>5*.#+#1.=-0<-+#?20.#5#1:+#0.0#202625#-0#
0-.3.#121).#72#82=.7+))5=+0*.E#!)# *+=4.#72#7-85*5#7+))+#*8+#?5,2#/#,21-85=+0*+#72??+8+0*+E#"5#
?5,+#72#825,,.8D2=+0*.#=.)*.#48.D5D2)=+0*+#1.0*20-5#4+8#7-+#,+**2=50+B#)5#?5,+#72#203+8,2.0+#
501:+#4+8#<-5**8.#.#120<-+#,+**2=50+B#=+0*8+#)5#?5,+#72#?.8=562.0+#4-X#4+87-858+#577282**-85#
4+8# <-5**8.# =+,2# ?20.# 5# 1:+# )5# 0-.35# ,*8-**-85# .,,+5# 0.0# ,2# ,25# 1.=4)+*5=+0*+# 82?.8=5*5#
@S57c275d2,#507#M078.-)5d2,#THHUAE#`-#`.8,*B#*85#2)#OGUe#+#2)#OGUU#@`8.,*#OGGUA#5#7+,1823+8+#2)#
121).# 72# 82=.7+))5=+0*.B# *-**5325# 2# =+1502,=2# =.)+1.)582# 5))5# D5,+# 7+))+# 20*+8562.02# *85#
.,*+.D)5,*2# +# .,*+.1)5,*2# ,.0.# ,*5*2# ,.).# 458625)=+0*+# 1:2582*2# +# ,.0.# 501.85# .>>2# .>>+**.# 72#
,*-72.E##
#
#
Figura 3.#"5#482=5# ?2>-85# 85448+,+0*5# )5#1.07262.0+#0.8=5)+#72#D2)5012.# *85#5**232*9#72#7+4.,262.0+#72#=5*821+#
.,,+5#57#.4+85#7+>)2#.,*+.D)5,*2#@1+))-)+#20#585012.0+A#+#72#825,,.8D2=+0*.#57#.4+85#7+>)2#.,*+.1)5,*2#@1+))-)+#20#
3+87+AE#!0#=.)*+#,2*-562.02#45*.).>21:+#)K+<-2)2D82.#*85#<-+,*+#7-+#5**232*9#32+0+#5#=50158+#@?2>-85#72#7+,*85AE##
#
# e
!)# =5015*.# +<-2)2D82.# ?85# )+# ?5,2# 7+)# 121).# 72# 82=.7+))5=+0*.# 4-X# >+0+858+# 2=4.8*50*2#
1.0,+>-+06+L#)5#=5,,5#.,,+5#0.0#82=50+#1.,*50*+#+#2)#8200.35=+0*.#.,,+.#/#1.=48.=+,,.E#!0#
=.7.# ,+=4)2?215*.# ,2# 4.,,.0.# 72,*20>-+8+# 45*.).>2+# 1585**+82665*+# 75))K5-=+0*.# 7+))5#=5,,5#
.,,+5# @.,*+.4+*8.,2A# +# 45*.).>2+# 1585**+82665*+# 75))5# 72=20-62.0+# 7+))5# =5,,5# .,,+5#
@.,*+.4.8.,2A# @?2>-85# bAE# "K.,*+.4+*8.,2# 4-X# +,,+8+# 15-,5*5# ,25# 75# -05# 24+85**232*9# 7+>)2#
.,*+.D)5,*2#1:+#7+4.0>.0.#-05#,.385DD.075065#72#=5*821+#.#75#-05#72=20-62.0+#7+))K5**232*9#
72#825,,.8D2=+0*.#75#458*+#7+>)2#.,*+.1)5,*2E#`-#M)D+8,#&:.0D+8>#0+)#OGHe#5#7+,1823+8+#4+8#)5#
482=5#3.)*5#<-+,*5#45*.).>25#501:+#,+#,.).#=.)*.#*+=4.#7.4.#,2#1.=48+,+#1:+#)5#15-,5#+85#72#
05*-85# >+0+*215E# "K.,*+.4+*8.,2# /B# 20?5**2B# -05# 45*.).>25# >+0+*215=+0*+# +*+8.>+0+5#
1.=48+07+0*+#3582+# ?.8=+B# )+#4820145)2# 7+))+#<-5)2# ,.0.# 824.8*5*+#0+))5#$5D+))5#OE#"5# ?.8=5#
5-*.,.=215# 7.=2050*+# 72# *24.# !!# +# )5# ?.8=5# 5-*.,.=215# 8+1+,,235# =5)2>05# ,.0.# *-**K.>>2#
1:25=5*+# 1.0# 2)# 0.=+# 7+)# ).8.# ,1.482*.8+E# ()*8+# 5# 15-,58+# 7+?.8=2*9# .,,++# 2=4.8*50*2B#
)K.,*+.4+*8.,2# 7500+>>25# 501:+# 2)#=27.)).# .,,+.# 20# <-50*.# 72=20-2,1+# ).# ,4562.# 20# 1-2# +,,.#
82,2+7+E#
#
# Z
 Tabella 1E#%)+01.#72#3582#*242#72#.,*+.4+*8.,2#48.3+02+0*+#75#`85**202#+*#5)B#THHHB#[+021:.-#+*#5)B#THHOB#f.805d#+*#
5)B#THHHB#f.805d#+*#5)B#THHOB#&.D511:2#+*#5)B#THHO#+#(P!P#THHZE#@`.0*+#g.:+0#h8#THHUAE#
#
M01:+#2#=+11502,=2#1:+#4.8*50.#5)).#,32)-44.#7+))K.,*+.4.8.,2#4.,,.0.#+,,+8+#+,,+0625)=+0*+#
821.07.**2#5#7-+L#2)#482=.#/#<-+)).#.,,+835*.#1.0#=5>>2.8+#?8+<-+065#+7#/#1585**+82665*.#75#-0#
5-=+0*.#7+))5#?8+<-+065#72#5**23562.0+#7+)#0-=+8.#72#-02*9#72#82=.7+))5=+0*.#48+,+0*2#,-))5#
,-4+8?212+#.,,+5B# 5)*82=+0*2# 1.0.,12-*.# 1.0# 2)# 0.=+#72# \:2>:#D.0+# *-80.3+8]E#F-+,*.# *24.#72#
.,*+.4.8.,2#/#8+3+8,2D2)+#5#45**.#1:+#,25#1.=-0<-+#=50*+0-*.#)K+<-2)2D82.#*85#)+#?5,2#7+)#121).#
72# 82=.7+))5=+0*.E# !)# ,+1.07.# =+11502,=.# ,4+,,.# 1.+,2,*+# 1.0# 2)# 482=.# +7# /# 544-0*.#
1585**+82665*.#75))5#4+872*5#72#+<-2)2D82.#0+)#82=.7+))5=+0*.E#!0#<-+,*.#15,.#,2#4-X#3+82?2158+#
-0# =5>>2.8+# 825,,.8D2=+0*.# 72# =5*821+# 75# 458*+# 7+>)2# .,*+.1)5,*2# .# -05# 72=20-62.0+# 0+))5#
7+4.,262.0+#72#=5*821+#75#458*+#7+>)2#.,*+.D)5,*2#.# 577282**-85#+0*85=D+# )+# 1.,+#0+)).# ,*+,,.#
=.=+0*.E# g.=+# 1.0,+>-+065# )5# =5,,5# .,,+5# 72=20-2,1+# +# )5# ,-,1+**2D2)2*9# 5))+# ?85**-8+#
5-=+0*5E#"5#4+872*5#72#=5*821+#.,,+5#1:+#,2#3+82?215#20#<-+,*.#15,.#/#288+3+8,2D2)+#@g.=4,*.0#
THHTAE#
# U
'05#7+))+#?.8=+#42Q#1.=-02#72#.,*+4.8.,2B#+#?.8,+#)5#42Q#?8+<-+0*+B#/#<-+))5#,+02)+E#"+#7.00+#
20#=+0.45-,5#,.0.B#20?5**2B#42Q#,-,1+**2D2)2#5))+#?85**-8+#82,4+**.#5>)2#-.=202E#'05#72=20-62.0+#
7+))5#7+0,2*9#.,,+5# @[.0+#P20+85)#_+0,2*VA#501:+#72#-05#,.)5#7+32562.0+#,*507587B#-02*5#57#
-0K5)*+85*5#=218.581:2*+**-85# .,,+5B# 5-=+0*5# 2)# 82,1:2.# 72# ?85**-85# 72# 12815# TBe# 3.)*+E# "+# 42Q#
1.=-02#?85**-8+#1.203.)>.0.#)K5015B#)5#1.).005#3+8*+D85)+#+#5))K535=D58112.#@^52+=+0*#+*#5)EB#
OGGb;#$:+#g5057250#g.0,+0,-,#g.0?+8+01+#.0#P+0.45-,+#507#(,*+.4.8.,2,B#OGGa;#R2>-+i#8+#
507#Y.-,,+5-B#THHHAE##
&.0.# *-**5325# 0-=+8.,2# 2# ?5**.82# 1:+# ,.0.# ,*5*2# 821.0-,12-*2# +,,+8+# 15-,5# 7+))5# 1.,277+**5##
.,*+.4.8.,2# ,+1.075825L# 24+8578+0.1.8*212,=.B# >)-1.1.8*21.272# +,.>+02B# 24.>.0572,=.# 20#
=5,1:2# >2.3502B# 24+84585*28.272,=.B# 24+8*28.272,=.B# 24.42*-2*582,=.B# >853275065B#
=5)0-*8262.0+B# =5)5,,.8D2=+0*.B# =5)?-062.05=+0*.# 8+05)+B# ,.==202,*8562.0+# 18.0215# 72#
+458205#+#827.**5#5**232*9#?2,215#@^52+=+0*#+*#5)EB#OGGb;#$:+#g5057250#g.0,+0,-,#g.0?+8+01+#.0#
P+0.45-,+#507#(,*+.4.8.,2,B#OGGa;#P+)*.0#+*#5)EB#THHTAE#
M01:+#)K.,*+.4.8.,2B#1.=+#)K.,*+.4+*8.,2B#/#-05#45*.).>25#=-)*2?5**.825)+#+#2#>+02#1507275*2#+#
5)1-02#7+2#42Q#?8+<-+0*2#4.)2=.8?2,=2#5,,.125*2#,.0.#825,,-0*2#20#*5D+))5#TE##
#
#
Tabella 2E#%)+01.#72#3582#*242#72#.,*+.4.8.,2#48.3+02+0*+#75#Y5),*.0#+*#5)B#OGGG;#R2>-+i#8+#507#Y.-,,+5-#THHH;#
Y5-1:#+*#5)B#THHT#+#(P!P#THHZE#@`.0*+#g.:+0#h8#THHUAE#
# W
R"!#(&$%(["M&$!#%#!#`M$$(Y!#!J_'g%J$!#!"#"(Y(#_!``%Y%Jj!MP%J$(#
#
R)2#.,*+.D)5,*2#72??+8+06250.#75#1+))-)+#,*5=205)2#=+,+01:2=5)2#+#,.0.#)+#1+))-)+#,4+125)2665*+#
0+))5#48.7-62.0+#7+))5#=5*821+#+N*851+))-)58+#+#0+)#48.1+,,.#72#=20+85)266562.0+#@[)528#+*#5)B#
THHTAE#&.0.# 2=4)215*2# 501:+#0+)#48.1+,,.#72# 825,,.8D2=+0*.#7+))5#=5*821+# ,25# 20728+**5=+0*+#
1:+# 728+**5=+0*+L# k20728+**5=+0*+# 4+81:/B# 1.=+# >29# 7+**.B# ,.0.# 20# ,*8+**.# 1.0*5**.# 1.0# >)2#
.,*+.1)5,*2# @?2>-85# eA# +# 48.7-1+07.# 3582# ?5**.82B# 1.=+# !"U# @!,:2=2# +*# 5)B# OGGHAB# YMJf"#
@Y+1+4*.8#M1*235*.8#.?#J-1)+58#`51*.8k[#)2>507A#@$:+.)+V8+#+*#5)B#THHeA#+#48.,*5>)50720+#%T#
@P582+#+*#5)B#OGGbA#20?)-2,1.0.#4.,2*235=+0*+#,-))K5**232*9#+8.,235#7+>)2#.,*+.1)5,*2#@".l2d#+*#
5)B#OGaG;#"2-#+*#5)B#THHZA;##
#
Figura 4.# _2,+>0.# +,+=4)2?215*23.# 7+))+# 48201245)2# 20*+8562.02# *85# .,*+.1)5,*2# +7# .,*+.D)5,*2E# R)2# .,*+.D)5,*2#
48.7-1.0.# YMJfk"# @)2>507.AB# 2)# <-5)+# 5**235# YMJf# @8+1+**.8+A# 4.,*.# ,-))5# =+=D8505# 7+2# 48+1-.8,.82#
.,*+.1)5,*212B# ,*2=.)507.0+# 2)# 72??+8+0625=+0*.B# 5**853+8,.# )K207-62.0+# 7+))K+,48+,,2.0+# 7+))5# 48.*+205# 1k?.,B# )5#
<-5)+#8+>.)5#4.,2*235=+0*+#=.)*2#>+02#D+8,5>)2.#0+1+,,582#4+8#)+#?-062.02#7+>)2#.,*+.1)5,*2E#'0#+,+=42.#/#!`Jk!B#
2)#<-5)+B#,+18+*.B#4-X#)+>58,2#5)#,-.#8+1+**.8+B#48+,-=2D2)=+0*+#,-))5#=+=D8505#7+2#321202#48+1-8,.82#.,*+.1)5,*212B#
202D+07.0+# 2)# 72??+8+0625=+0*.# 2=4+7+07.# 2)# =+11502,=.# 482=5# 7+,182**.E# "K.,*+.48.*+>+8205# /# -05# 48.*+205#
,.)-D2)+B#82)5,125*5#75>)2#.,*+.D)5,*2B#1:+#,2#)+>5#5#YMJfk"#2=4+7+07.0+#2)#)+>5=+#5#YMJfE##
# a
#k728+**5=+0*+#4+81:/#,.0.#20#>857.#72#82)5,1258+B#1.=+#/#,*5*.#8+1+0*+=+0*+#7+,182**.B#5)1-0+#
=+*5)).48.*+205,2B#+062=2#0.*.825=+0*+#1.203.)*2#0+))5#72>+,*2.0+#7+))5#=5*821+#+N*851+))-)58+#
@`2)50*2#+*#5)B#THHH;#'1:275#+*#5)B#THHHAE#
#
M7#.>>2#,.0.#,*5*2#7+?202*2#5)1-02#=5815*.82#7+)#72??+8+0625=+0*.#.,*+.D)5,*21.#1:+#20#=502+85#
20+<-23.15D2)+#4+8=+**.0.#72#72,*20>-+8+#<-+,*+#1+))-)+#75#5)*8+B#2#48201245)2#,.0.L##
" Y-0NT#.#gD?5O# @g.8+#D20720># ?51*.8# kOA#/# 2)#48201245)+# ?5**.8+# *85,18262.05)+#1.203.)*.#0+)#
48.1+,,.#72#.,*+.>+0+,2B#
" g.))5>+0+# 72# *24.# !# /# 7+4.,2*5*.# 1.=+# =5*821+# +N*851+))-)58+# +# 1.,*2*-2,1+# )5# ,*8-**-85#
D+8,5>)2.#4+8#)5#,-11+,,235#=20+85)266562.0+B#
" (,*+.4.0*205#@(^A#/#-05#48.*+205#?.,?.82)5*5#82115#72#5127.#,25)21.B#
" (,*+.0+1*205#/#-05#>)21.48.*+205#?.,?.82)5*5#1:+#)+>5#2)#15)12.B#+#2)#1.))5>+0+#72#*24.#!##
" (,*+.15)1205#@(gA#/#-05#48.*+205#)+>50*+#2)#15)12.#1.0.,12-*5#501:+#1.=+#[.0+#R)5#^8.*+20#
@[R^AB#32*5=205#fk724+07+0*+B#20#>857.#)+>58+#)K278.,,2545*2*+B#
" ^8.*+205#,25)215#.,,+5#@[&^AB#
" `.,?5*5,2#5)15)205#@M"^A#1:+#728+**5=+0*+#20?)-+065#2)#48.1+,,.#72#=20+85)266562.0+E#
%,4+82=+0*2# ?5**2# 48201245)=+0*+# ,-# =.7+))2# 502=5)2# +# 8+1+0*+=+0*+# ,-# =.7+))2# -=502# :5#
,*5D2)2*.B#20#)20+5#>+0+85)+B#1:+#)K5**232*9#7+>)2#.,*+.D)5,*2#4-X#+,,+8+#,1:+=5*2665*5#20#*8+#?5,2L#
-05# @5A# ?5,+# 48.)2?+85*235# ,+>-2*5# 75# @DA# -0#=.=+0*.# 20# 1-2# 32+0+#7+4.,2*5*5# )5#=5*821+# 1:+#
,-D289#<-2072#-0#48.1+,,.#72##=20+85)266562.0+#@1AE#"K5-=+0*5*5#+,48+,,2.0+#72#>+02#1.88+)5*2#
5)# 121).# 1+))-)58+# ,.)2*5=+0*+# 7+?202,1+# )5# ?5,+# 48.)2?+85*235# 7+>)2# .,*+.D)5,*2# 501:+# ,+B# ,-)#
?2028+#72#<-+,*5#?5,+#+#7-850*+#)5#?5,+#72#7+4.,262.0+#7+))5#=5*821+B#/#>29#4.,,2D2)+#82)+358+#)5#
48+,+065# 72#YJM#=+,,5>>+8.# 4+8# 2)# 1.))5>+0+# 72# *24.# !B# 4+8# )K.,*+.0+1*205# +#M"^E# "5# ?5,+#
=5*-85*235# 7+>)2# .,*+.D)5,*2# 72??+8+0625*2# /# 20?5**2# 27+0*2?215*5# 75))K+,48+,,2.0+# 72# =5815*.82#
.,*+.>+0212#48+1.12#1.=+#M"^E#M))5# ?20+#7+))5# ?5,+#72#7+4.,262.0+#7+))5#=5*821+#+#5))K20262.#
# G
7+))5# ?5,+#72#=20+85)266562.0+#3+0>.0.#48.7.**+#.,*+.4.0*205B#.,*+.15)1205#+#[&^#@(),+0#+*#
5)B# THHHAB# 1:+#0+))K20,2+=+#1.,*2*-2,1.0.# 2# 1.,277+**2#=5815*.82# *587232#7+)#72??+8+0625=+0*.E#
F-+,*.# ,2# 511.=45>05#5#7+4.,262.0+#72# ,5)2#72# ?.,?5*.#72# 15)12.B# 1:+# ,25# in vitro ,25 in vivo#
4.,.0.#+,,+8+#35)-*5*2#*85=2*+#,5>>2#42Q#.#=+0.#,.?2,*215*2E##
#
m#0.*.#1:+#2)#72??+8+0625=+0*.#75#1+))-)+#48.>+02*8212#821:2+7+#)K5**-562.0+#72#-0#48.>85==5#
>+0+*21.#,4+12?21.#1:+#4.8*5#5))K+,48+,,2.0+#72#48.*+20+#0+1+,,582+#5))+#?-062.02#,4+12?21:+#72#
<-+)#7+*+8=205*.#*24.#1+))-)58+E#J+)#15,.#7+>)2#.,*+.D)5,*2#)K207-62.0+#72#<-+,*.#48.>85==5#/#
1.0*8.))5*.# 75# 3582# ?5**.82# 1:+# 20# 458*+# ,.0.# ,*5*2# 1585**+82665*2# +# 1:+# 3+0>.0.# 5**-5)=+0*+#
2=42+>5*2#1.0#,-11+,,.#4+8#2)#72??+8+0625=+0*.#7+2#48.>+02*.82#.,*+.D)5,*212E#%,,2#,.0.L#5127.#
5,1.8D21.B#32*5=205#_bB#!k>)21+8.?.,?5*.#<-5)+#?.0*+#72#?.,?5*.#.8>5021.#@^2**+0>+8#+*#5)B#OGaG;#
P-85>)25# +*# 5)B# THHH;# h52,l5)# +*# 5)B# OGGW;# ()232+8# +*# 5)B# THHUAE# M01:+# 2)# _+N5=+*5,.0+# /#
-*2)2665*.# 1.=+# ?5**.8+# 72# 72??+8+0625=+0*.# @[-**+8V# +*# 5)B# THHO;#f5l5>-1:2# +*# 5)B# THHZA# 20#
<-50*.#4.*+0625#)5#=20+85)266562.0+#@g:+0>#+*#5)B#OGGeAE#
Y-0NT# /# 7+12,5=+0*+# 2)# ?5**.8+# *85,18262.05)+# 42Q# 2075>5*.# +7# /# ,*5*.# 821.0.,12-*.# 1.=+#
8+>.)5*.8+# 48201245)+# 7+)# \1.==2*=+0*# .,*+.>+021.]# @_-4).=D# +*# 5)B# THHWA# +# 20?5**2# /#
+,48+,,.#7-850*+#*-**+#)+#*8+#?5,2#501:+#,+#,3.)>+#)5#,-5#?-062.0+#,.485**-**.#0+)#45,,5>>2.#75#
1+))-)+#,*5=205)2#5#48+.,*+.D)5,*2#+#75#48+.,*+.D)5,*2#57#.,*+.D)5,*2E##
#
#
#
#
#
#
#
#
# OH
J+>)2# -)*2=2# 72+12# 5002# ,.0.# ,*5*2# .**+0-*2# 82,-)*5*2# ,2>02?215*232# 0+))5# 1.=48+0,2.0+# 7+2#
=+11502,=2#1:+#8+>.)50.#2)#72??+8+0625=+0*.#7+>)2#.,*+.D)5,*2E#F-+,*2#,2#5**-50.B#1.=K/#0.*.#
5**853+8,.# .8=.02B# ?5**.82# 72# *85,18262.0+# +# 32+# 7+)# ,+>05)+# D+0# 72,*20*2# 1:+# 20# 5)1-02# 15,2# ,2#
20*8+11250.#20#=502+85#2=4.8*50*+E##
J+))+#*5D+))+#bB#e#+#Z#,.0.#825,,-0*2#2#48201245)2#48.*5>.02,*2#7+)#72??+8+0625=+0*.#.,*+.D)5,*21.#
0.*2#?20.#57#.>>2E#&2#*85**5#72#*8+#5=D2*2#1.=4)+,,2#5#1-2#)5#821+815#,2#,*5#7+721507.#=.)*.B#0.0#
,+065#0-=+8.,2# 20,-11+,,2#7.3-*2#5))5#72??21.)*9#72#7+?2028+#7+2#=.7+))2#-0212E# !0#458*21.)58+B#
4+8#2)#*+,,-*.#.,,+.B#42Q#1:+#4+8#5)*82#*+,,-*2B#,2#82,1.0*850.#201.0>8-+06+#*85#2#82,-)*5*2#.**+0-*2#
,->)2#502=5)2#+#<-+))2#.**+0-*2#,-))K-.=.E##
_5#<-2# )5#0+1+,,2*9#72#8215358+#2)#=5>>2.8#0-=+8.#72#75*2#4.,,2D2)2#,.485**-**.#,-))K-.=.#4+8#
4.*+8)2#=+**+8+#5#1.0?8.0*.E#!)#)53.8.#72#<-+,*5#*+,2#/#,*5*.#7+7215*.#57#5=4)258+#)+#1.0.,1+06+#
,-)#8+1+**.8+#7+))K+,*8.>+0.###@:%Y#A#0+>)2#.,*+.D)5,*2#-=502#20#8+)562.0+#5))5#,-5#8+>.)562.0+#
75# 458*+# 72# ?5**.82# 72# *85,18262.0+# 7+,182**2# 53+8+# -0# 8-.).# 2=4.8*50*+# 0+)# 72??+8+0625=+0*.#
.,*+.D)5,*21.E#
#
VIE DEL SEGNALE 
n0*#,2>05)20>#
&-4+8?5=2>)25#$R`!o[P^#
J.*1:#,2>05)20>#
S+7>+:.>#,2>05)20>#
`R`#,2>05)20>#
!R`#@20,-)20k)2d+#>8.l*:#?51*.8,A#
^_R`#@4)5*+)+*k7+823+7#>8.l*:#?51*.8A#
FATTORI DI TRASCRIZIONE
Y-0NT#
(,*+82N#
M$`ke#
M^kO#
$Mj#
J`M$1O#
%Y#B#%Y!#
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#
# OO
##
#
#
#
#
#
#
#
#
#
ORMONI 
(8=.0+#^585*28.27+#
^585*:V8.27#:.8=.0+k8+)5*+7#48.*+20#
(8=.0+#$28.27+.#
(8=.0+#7+))5#18+,12*5#
!0,-)205#
^8.>+,*+8.0+#
^8.)5**205#
(8=.02#%,*8.>+02#
(8=.02#M078.>+02#
p2*5=205#_b#
(8=.02#Y+*20.272#
Tabella 5#
#
^+8# 1.=48+07+8+# 2)# 8562.05)+# 7+)# )53.8.# ,4+82=+0*5)+# 0+2# 4585>85?2# 3+0>.0.# 7+**5>)25*+# )+#
1585**+82,*21:+#+#2)#8-.).#7+2#?5**.82#*85,18262.05)2#,*-725*2#20#<-+,*5#*+,2E##
 
#
#
#
#
#
#
#
#
#
#
# OT
Y%g%$$(Y%#^%Y#R"!#%&$Y(R%J!####@%Y#A#
#
Ruolo di ER# nell’organismo umano  
"+# 7-+# 2,.?.8=+# 7+)# 8+1+**.8+# 4+8# >)2# +,*8.>+02### @%Y#A# +# !# @%Y!A# ,.0.# =+=D82# 72# -05#
,-4+8?5=2>)25# 72# 8+1+**.82# 0-1)+582# 1:+# 1.0,*5# 72# 12815# OZH# 72??+8+0*2# 48.*+20+E# P+=D82# 72#
<-+,*5#?5=2>)25#,.0.#501:+#2)#8+1+**.8+#4+8#)K.8=.0+#*28.27+.B#2)#8+1+**.8+#4+8#)5#32*5=205#_B#2)#
8+1+**.8+# 4+8# )K5127.# 8+*20.21.# +# 5)*82# 8+1+**.82# 4+8# .8=.02# ,*+8.27+2# <-5)2# >)-1.1.8*21.272B#
5078.>+0.B#48.>+,*+8.0+#+#=20+85)1.8*21.272B#0.01:C#-05#,+82+#72# 8+1+**.82# 1:25=5*2#.8?502#5#
15-,5#7+))5#=5015*5#27+0*2?21562.0+#7+2#).8.#)2>5072#@^58d+8#OGGbB#P50>+),7.8?#+*#5)EOGGZAE##
`-#0+2#)5D.85*.82#7+2#_8,E#h+0,+0#+#R.8,d2B#5#458*28+#75))5#?20+#7+>)2#5002#ZH#?20.#5>)2#5002#WH#
1:+#3+00+#+)5D.85*5# )K24.*+,2B#4.2# 823+)5*5,2# 1.88+**5B# ,+1.07.# )5#<-5)+# )K20*+8562.0+# *85#OWk!#
+,*8572.).# @%TA# +# 2)# 8+1+**.8+#4+8#>)2# +,*8.>+02#?.,,+# 1.203.)*5#0+))5# *85,7-62.0+#7+>)2# +??+**2#
1+))-)582# 72# <-+,*.# .8=.0+# @$.?*# 507#R.8,d2# OGUUB# h+0,+0# 507#_+&.=D8+# OGWbAE# %T# /# -0.#
7+>)2# .8=.02# ,*+8.27+2# +,*8.>+02B# -0# >8-44.# 72# =.)+1.)+# 5**23+# 20# <-50*.# 8+>.)50.# 32+# 7+)#
,+>05)+# 1+))-)58+# 2=4.8*50*2# 0+))5# 8+>.)562.0+# 7+))5# 48.)2?+8562.0+B# 72??+8+0625=+0*.# +#
.=+.,*5,2# 7+))5# 1+))-)5# ,*+,,5E# R)2# +,*8.>+02# ,.0.# 48+,+0*2# 20# 05*-85# 20# 3582+# ?.8=+E# J+))5#
7.005#20#+*9#?+8*2)+#)+#.352+#48.7-1.0.#-05#<-50*2*9#72#%T#*85#WH#+#ZHH#->#5)#>2.80.B#2)#<-5)+#/#
4.2#1.03+8*2*.#57#+,*8.0+#+#20#=20.8#458*+#20#+,*82.).E#F-+,*2#7-+#=+*5D.)2*2#7+))K%TB#,+DD+0+#
)+>:20.#%Y## 1.0#5)*5# 5??202*9# @f-24+8# +*# 5)B# OGGWAB# ,.0.#5>.02,*2# 42Q#7+D.)2# 82,4+**.# 5))K%TE#
J.0.,*50*+# <-+,*2# .8=.02# ,250.# 75# *+=4.# 821.0.,12-*2# 1.=+# ?.075=+0*5)2# 0+))5# ?2,2.).>25#
7+))K544585*.# 8248.7-**23.# ?+==202)+# +,,2# ,.0.# 1.203.)*2# 501:+# 0+)).# ,32)-44.# +# 0+))5#
?2,2.).>25#72#<-+)).#=5,1:2)+E#'05#4211.)5#=5#?2,2.).>215=+0*+#82)+350*+#<-50*2*9#72#+,*8.>+02#
/#20?5**2#,20*+*2665*5#,25#0+>)2#-.=202#1:+#0+))+#7.00+#5**853+8,.#)5#1.03+8,2.0+#4+82?+8215#7+>)2#
5078.>+02# 1281.)50*2# 20# +,*8.>+0.# 57# .4+85# 7+))K+062=5# M8.=5*5,2# ^eZHE# g2# ,.0.# ,+=48+#
=5>>2.82#+327+06+#1:+#>)2#+,*8.>+02#48.7.**2#).15)=+0*+#5DD250.#-0#8-.).#2=4.8*50*+#501:+#20#
5)*82#*+,,-*2E#
# Ob
M**853+8,.# *+1021:+# 72# ).15)266562.0+# 1.=+# )K!D827562.0+# 20k,2*-# +# )K!==-0.12*.1:2=215# +#
*+1021:+#72#<-50*2?21562.0+#7+))K=YJM#1.=+#Y$k^gY#+#J.8*:+80#[).*B#/#+=+8,.#1:+B#20?5**2B#
2#8+1+**.82#,.0.#+,48+,,2#20#=.)*2#*+,,-*2#7+))K.8>502,=.#-=50.E#M7#+,+=42.B#%Y##+#%Y!#,.0.#
,*5*2#).15)2665*2#0.0#,.).#0+))5#=5==+))5#+#0+)#*85**.#-8.>+02*5)+B#=5#501:+#0+)#1+83+)).B#/#0+)#
,2,*+=5# 15872.35,1.)58+B# 0+)# *85**.# >5,*8.20*+,*205)+# +B# 1.=+# 3+889# 48+,+0*5*.# 20# 7+**5>)2.# 20#
<-+,*5# *+,2B# 0+))K.,,.# @P-+))+8# 507# f.851:B# THHOAE# "5# 48+,+065# 20# *+8=202# 72# <-50*2*9# +# )5#
72,*82D-62.0+#35825D2)+#7+2#8+1+**.82#,+=D85#,250.B#20#458*+B#7+*+8=205*2#75#<-50*.#2)#)2>507.#/#
48+,+0*+#).15)=+0*+#+#,+#2)#)+>5=+#1.0#<-+,*.#48.7-1+#7+>)2#+??+**2E##
^+8# 1.=48+07+8+# 5# ?.07.# 2)# 8-.).# 7+2# 8+1+**.82# 4+8# >)2# +,*8.>+02# 7-850*+# ).# ,32)-44.# +# )5#
=5*-82*9#7+2#*+,,-*2#20#1-2#,.0.#+,48+,,2#,.0.#,*5*2#18+5*2#*.42#*850,>+0212#0.0#+,482=+0*2#%Y##
@#%Yf(AB# %Y!# @!%Yf(A# +# *.42# 7.442k=-*50*2B# 2# <-5)2B# 12./B# 0.0# +,482=.0.# ,25# %Y## 1:+#
%Y!#@#!%Yf(A#@%==+0#507#f.851:#THHbAE###
#
Struttura di ER# 
&2#7+3+#,+=48+#52#_8,E#h+0,+0#+#R.8,d2#)K2,.)5=+0*.#+#)K202625)+#1585**+8266562.0+#7+2#8+1+**.82#
4+8# >)2# +,*8.>+02B# 2)# 1_JM# 32+0+# 1).05*.# 75# 1+))-)+# 72# 158120.=5# =5==582.# Pg`W#
,-11+,,235=+0*+# 0+)# OGaZ# @n5)*+8# +*# 5)B# OGaZAE# %Y!# 32+0+# 1).05*.# 72+12# 5002# 42Q# *5872# 75#
48.,*5*5#72#85**.#+#,.).#20#-0#,+1.07.#=.=+0*.#501:+#)+#?.8=+#48+,+0*2#0+)#*.4.#+#0+))K-.=.#
@(82=.#+*#5)B#OGGZAE#R+02#,+4585*2#1.)).15*2#20#72??+8+0*2#18.=.,.=2#1.72?2150.#4+8#.>0-0.#7+2#
8+1+**.82E# !)# >+0+# 4+8# %Y## ,2# *8.35# 0+)# 18.=.,.=5# UB# ).1-,# U<TZEOB# :5# -05# )-0>:+665#
5448.,,2=5*235#72# OeH#fD# +7#.82>205#-0# *85,182**.# 72# 12815#UBU#fD# 2)# <-5)+# 1.72?215#4+8# -05#
48.*+205#72#UUf_5#@R8++0+#+*#5)B#OGaUA#1:+#0.0#/#4+8X#)K-0215#?.8=5#+,2,*+0*+E#!0?5**2#5#15-,5#
72# +3+0*2# 72# ,4)2120># 5)*+805*23.# ,.0.# 7+,182**+# 5)*8+# 7-+# 2,.?.8=+# 7+)# 8+1+**.8+# 72# 4+,2#
=.)+1.)582#20?+82.82;#)5#?.8=5#72#eUf_5#+,48+,,5#,4+12?215=+0*+#0+)#*+,,-*.#.,,+.#5>)2#,*+,,2#
)23+))2#7+))5#?.8=5#1.=4)+*5#@_+0>+8#+*#5)B#THHOA#+#=5015#7+))5#8+>2.0+#Jk*+8=205)+#+#<-2072#
# Oe
7+)# 7.=202.# 72# 5**23562.0+# M`kOB# +# )5# ?.8=5# 72# bUf_5# 8+1+0*+=+0*+# ,1.4+8*5# 57# .4+85# 72#
n50>#@n50>#+*#5)B#THHUAB#=50150*+#72#+0*85=D2#2#7.=202#72#5**23562.0+E##
!#8+1+**.82#0-1)+582#=.,*850.#-0K.8>50266562.0+#,*8-**-85)+#1.=-0+E#&2#72,*20>-.0.#U#8+>2.02#
1.0# 72??+8+0*+# +,*+0,2.0+# 7+))+# ,+<-+06+# 1.0,+835*+# +# <-+,*+# 8+>2.02# 1.882,4.07.0.#
5448.,,2=5*235=+0*+# 52# 72??+8+0*2# 7.=202# ?-062.05)2# 7+2# 8+1+**.82# @f8-,*# +*# 5)B# OGaU;# %350,#
OGaaAE# !)# 7.=202.#Mo[# 1.0*2+0+# )5# 482=5# `-062.0+# 72#M**23562.0+# O# @M`kOA# 1:+# 8+1)-*507.#
1.5**235*.82#/#1.203.)*5#0+))K5**232*9#*85,18262.05)+#7+)#8+1+**.8+E#!)#7.=202.#72#)+>5=+#5)#_JM#
.#7.=202.#g#/# ,21-85=+0*+# )5# 8+>2.0+#42Q#1.0,+835*5#5#72??+8+065#7+)#7.=202.#_#.# 8+>2.0+#
1+802+85B# 1.0*+0+0*+# 2)# ,+>05)+# 72# ).15)266562.0+# 0-1)+58+E# !0?20+# )5# 8+>2.0+# %o`# 1.0*2+0+# 2)#
7.=202.# 72# )+>5=+# 5)# )2>507.B# 2)# 7.=202.# 72# 72=+8266562.0+B# -0# ,+1.07.# ,+>05)+# 72#
).15)266562.0+# 0-1)+58+# +# )5# ,+1.075# ?-062.0+# 72# 5**23562.0+# @M`kTAE# M)# 1.0*8582.# 7+))5#
?-062.0+#M`kOB#M`kT#/#-05#?-062.0+#72#5**23562.0+#)2>507.k724+07+0*+E##
%,2,*.0.# 4.2# -0K5=425# >5==5# 72# 1.=4.,*2B# ,*8-**-85)=+0*+# 723+8,2B# 20# >857.# 72# )+>58+# 2#
8+1+**.82# 1.0# 72??+8+0*2# 5??202*9E#M)1-02# )2>5072B# 1.=+# 2)# 72+*2),*2)D+,*8.).# 72# .82>20+# ,20*+*215#
@_%&A#+#2#?2*.+,*8.>+02#72#.82>20+#05*-85)+B#5>2,1.0.#1.=+#5>.02,*2E#M)*82#1.=4.,*2B#1.=+#!g!#
OaTBWaHB# ,.0.# 203+1+# 50*5>.02,*2E# !#P.7-)5*.82#&+)+**232# 7+2#Y+1+**.82#%,*8.>+0212# @&%YP,A#
,.0.# -05# 15*+>.825# =2,*5# 1:+# 1.0*2+0+# ,25# 5>.02,*2# 1:+# 50*5>.02,*2B# 1.=+# *5=.N2?+0+# +#
85).N2?+0+#@[8V50*#507#_+8+#OGGaAE#
#
Meccanismo d’azione 
!# 8+1+**.82# 0-1)+582B# 201)-,.# %Y"B# ,2# 1.)).150.# 202625)=+0*+# 0+)# 12*.4)5,=5B# 482=5#
7+))K5**23562.0+# 75# 458*+# 7+)# )2>507.B# +# ,.).# 7.4.# *85,).150.# 5)# 0-1)+.;# /# ,*5*.# 72=.,*85*.#
*-**5325# 1:+#%Y"# 4-X# +,,+8+# 48+,+0*+# 0+)# 0-1)+.# 20# 5,,+065# 7+)# ,-.# )2>507.E#'05# 3.)*5# 0+)#
0-1)+.# %Y"# ,2# )+>5# 5)#_JM# @"++,# +*# 5)B# OGGHAB# +# ,-11+,,235=+0*+# 5332+0+# 2)# 8+1)-*5=+0*.#
7+))5#=511:205# *85,18262.05)+#5)#48.=.*.8+#D+8,5>)2.# @f-=58#+*#5)B#OGaWAB#1.=+#5332+0+#0+)#
# OZ
15,.# 7+)# >+0+# 4+8# )5# 48.)5**205# @P5-8+8# 507# J.*27+,# OGaWA# +# 72# 1k?.,# @n+2,6# 507# Y.,5)+,#
OGGHAE##
"+# ,+<-+06+# 1:+# 20# -0# 48.=.*.8+# 18+50.# )5# 8+,4.0,232*9# 5))K+,*8.>+0.# ,.0.# ,25# ,+<-+06+#
45)2078.=+# %Y%# 4+8?+**+# @5’-GGTCAnnnTGACC–3’AB# ,25# 45)2078.=2# 2=4+8?+**+# .# =+662#
,2*2#%Y%#@(q".0+#+*#5)B#THHeAE#"+#48.*+20+#1.,277+**+#\S2>:#=.D2)2*V#>8.-4]#@SPRA#,.0.#20#
>857.# 72# 48+07+8+# 728+**.# 1.0*5**.# 1.0# 2# 8+1+**.82# ,*+8.27+2# ?512)2*507.# +# ,*5D2)266507.#
)K20*+8562.0+# *85# 2)# 8+1+**.8+#+7# 2# ,-.2# +)+=+0*2# 8+,4.0,232B# 8+07+07.#4.,,2D2)+# 2)# )+>5=+#5))+#
45)2078.=2#2=4+8?+**+#+#52#=+662#,2*2#72#)+>5=+#@P+)320#+*#5)B#THHeAE#"K20*+8562.0+#1.0#2)#_JM#
/# ,*5D2)2665*5# 75)# )+>5=+# 1.0# 2)# )2>507.# 0.0.,*50*+# 2)# )+>5=+# 5)#_JM# 0.0# ,25# ,*8+**5=+0*+#
724+07+0*+#75)#)2>507.#,*+,,.#@j:-50>#+*#5)B#OGGZAE#"K5,,.12562.0+#7+)#8+1+**.8+#0-1)+58+#1.0#
2)# _JM# /# 7205=215# in vivo# 1.=+# =.02*.85*.# 75# 505)2,2# 72# 2==-0.48+1242*562.0+# 7+))5#
18.=5*205# @g:!^A# +# =218.,1.425# @P1J5))V# +*# 5)B# THHH;# Y+27# +*# 5)B# THHbAE# !)# =+11502,=.#
>+0.=21.# 5**853+8,.# 2)# <-5)+# )K.8=.0+# +,*8.>+0.# +,4)215# 2)# ,-.# +??+**.# 4-X# 501:+# +,,+8+#
=+725*.#75))K20*+8562.0+#72#%Y"#1.0#5)*82#?5**.82#*85,18262.05)2E#!0#<-+,*.#15,.#)5#48.*+205#%Y"#
48+07+#1.0*5**.#1.0#48.*+20+#1.=+#&4O#@&5?+#THHOAB#M^O#@^+*6#507#J587-))2#THHT5AB#J`d[#
@f5)52*6272,# 507# R2)=.8+# THHZA# +# RM$M# )+# <-5)2# 728+**5=+0*+# )+>50.# 2# 82,4+**232# \cisk
+)+=+0*,]#,-2#48.=.*.82#7+2#>+02#D+8,5>)2.#@[#r80,*8r=#507#&#rD+8>#THHZAE##
"K20*+8562.0+#72#%Y##1.0#2)#1.=4)+,,.#48.*+21.#M^kO#+7#2)#=+11502,=.#=.)+1.)58+#5,,.125*.#
/#-0#+,+=42.#72#=.75)2*9#72#562.0+#7+))K+,*8.>+0.#%Y%k20724+07+0*+#@[c.80,*8.=#507#&c.D+8>#
THHZAE# F-+,*.# ,2,*+=5# /# 8+,4.0,5D2)+# 7+))5# 8+>.)562.0+# 72# 0-=+8.,2# >+02# *85# 1-2# <-+))2#
1.72?2150*2#)K.3.5)D-=205#@R5-D#+*#5)B#OGGHAB#!R`kO#@'=5V5:585#+*#5)B#OGGeA#+#)5#1.))5>+05,2#
@n+DD#+*#5)B#OGGZAE#!0#)+**+85*-85#,.0.#824.8*5*2#=.)*2#+,+=42#72#1.=+#)K20*+8562.0+#*85#M^kO#
+7#%Y##,25#2=4.8*50*+#0+))5#8+>.)562.0+#7+))K+,48+,,2.0+#>+0215E#_2#,+>-2*.#0+#,.0.#7+,182**2#
5)1-02E#
!)#>+0+#7+)#8+1+**.8+#-=50.#4+8#2)#48.>+,*+8.0+#@^YA#/#-0#>+0+#8+,4.0,23.#5))K+,*8.>+0.#
+#1.=+#=.)*2#5)*82#0.0#1.0*2+0+#)+#1)5,,21:+#,+<-+06+#%Y%#0+))5#,-5#8+>2.0+#48.=.*821+B#=5#
# OU
48+,+0*5# -0#=+66.# ,2*.# %Y%# +# 7-+# ,2*2# M^kOE# ^+8# =+66.# 7+))5# *+10215# 72# =-*5>+0+,2# ,2*.k
,4+12?215# /# ,*5*.# 4.,,2D2)+# 72=.,*858+# 1:+# 0.0.,*50*+# 2# 7-+# ,2*2# M^kO# 5DD250.# )5# ,*+,,5#
,+<-+065# 0-1)+.*27215# 4.,,.0.# 53+8+# +??+**2# ,25# ,*2=.)5*.82# 1:+# 202D2*.82# ,-))5# *85,18262.0+#
>+0215#+B#48.D5D2)=+0*+B#)+#,+<-+06+#?2501:+>>250*2#7+2#7-+#,2*2#>2.150.#-0#8-.).#0+)#8+>.)58+#
)K+,48+,,2.0+# >+0215# ,*+,,5# @^+*6# +*# 5)B# THHT;# ^+*6# +*# 5)B# THHeAE# ')*+82.82# ,*-72# :500.#
+327+0625*.#1:+#`.,#+#h-0#,2#)+>50.#,.**.#?.8=5#72#72=+8.#57#+0*85=D2#2#,2*2#M^kO#+#1:+#%Y##/#
20#>857.#72#48.=-.3+8+#4.,2*235=+0*+#<-+,*5#20*+8562.0+#,25#in vitro#1:+#in vivo.#"K5**23562.0+#
=+7250*+#*85**5=+0*.#1.0#+,*8.>+0.#5332+0+#,.).#20#48+,+065#72#%Y#B#,->>+8+07.#1:+#,25# )5#
48+,+065#7+))K.8=.0+#1:+#7+)#8+1+**.8+#,.0.#0+1+,,582#@^+*6#+*#5)B#THHTAE#
'0.#7+2#42Q#2=4.8*50*2#>+02#5**853+8,.#1-2#)K+,*8.>+0.B#20*+85>+07.#1.0#%Y#B#+,4)215#)5#
48.4825# 562.0+# 48.)2?+85*235# 20# 1+))-)+# 72# 158120.=5# =5==582.B# /# 2)# >+0+# 7+))5# 121)205# _O#
@^)505,k&2)35#507#n+20D+8>#OGGW;#^85))#+*#5)B#OGGaAE#&+DD+0+# )5#,-5# *85,18262.0+#,25# 207.**5#
75))K+,*8.>+0.B# <-+,*.# >+0+# 0.0# 48+,+0*5# 0+)# ,-.# 48.=.*.8+# 5)1-05# ,+<-+065# %Y%B#=5# 12,#
+)+=+0*2#4+8#?5**.82#*85,18262.05)2#1:+#=+7250.#)K562.0+#7+))K.8=.0+#,*+,,.#@M))50#+*#5)B#THHOAE#
&*-72#72#7+)+62.0+#7+)#48.=.*.8+#:500.#4.8*5*.#5))K27+0*2?21562.0+#72#-0#,2*.#gY%B#1:+#,+=D85#
,3.)>+8+#-0#8-.).#1+0*85)+#0+)#=+7258+#>)2#+??+**2#7+)#1.=4)+,,.#%o%Y#B#+7#-0#,2*.#M^kO#1:+#
,+=D85#203+1+#458*+12458+#20#=.7.#=58>205)+#@&5DD5:#+*#5)B#OGGGAE##
J-=+8.,2# ,.0.# >)2# ,*-72# 1:+# 72=.,*850.# 1:+# 501:+# )K+,48+,,2.0+# 7+)# >+0+#[YgMkO# /#
=.7-)5*5#75))K+,*8.>+0.#@R-75,#+*#5)B#OGGZ;#Y.=5>0.).#+*#5)B#OGGaAB#1.0#)5#?.8=562.0+#72#-0#
1.=4)+,,.#*85,18262.05)+#1.,*2*-2*.#75#%Y##+#4bHHB#2)#<-5)+B#-05#3.)*5#8+1)-*5*.#5#)23+)).#7+))5#
,+<-+065#72#)+>5=+#4+8#M^kOB#).15)2665*5#0+)#48.=.*.8+#72#[YgMkOB#0+#5**235#)5#*85,18262.0+E#
P-*562.02#5#)23+)).#72#<-+,*.#,2*.B#1.=4.8*50.#-05#8+48+,,2.0+#7+))K5**232*9#7+)#48.=.*.8+#72#
[YgMkO# 20# 1+))-)+# 72# 158120.=5# =5==582.# Pg`WE# &5>>2# 72# 2==-0.48+1242*562.0+# 7+))5#
18.=5*205#@g:!^A#:500.#72=.,*85*.#1:+#<-+,*5#8+>2.0+#7+)#48.=.*.8+#/#20#>857.#72#20*+85>28+#
in vivo 1.0#2#?5**.82#1kc-0#+#?.,[#@S+,,#+*#5)B#THHeAE#
# OW
$8+?.2)# `51*.8# O# @$``OAB# 1.0.,12-*.# 501:+# 1.=+# 4&T# /# -0#=5815*.8+# 48.>0.,*21.# 4+8#
3582+#*24.).>2+#72#15018.B#482=.#?85#*-**2#<-+)).#=5==582.#@R2))+,DV#+*#5)B#OGGG;#M*:+8#+*#5)B#
THHeAB# +7# /# ,*5*.# 1.=-0<-+# .,,+835*.# 1:+# )K+,48+,,2.0+# 72# <-+,*5# 48.*+205# ?53.82,1+# )5#
=.D2)2*9#1+))-)58+B#8+<-2,2*.#+,,+0625)+#4+8# 2#48.1+,,2#72# 2035,2.0+#+#=+*5,*5*266562.0+#48.482#
7+)#15018.#@Y.782>-+,#+*#5)B#THHb;#Y.782>-+,#+*#5)B#THHb#5;#^8+,*#+*#5)B#THHTAE#"5#82,4.,*5#7+)#
>+0+#4&T#5))K+,*8.>+0.#32+0+#=+725*5#75))5#48+,+065#72#7-+#,+<-+06+#%Y%#2=4+8?+**+#@[+88V#
+*#5)B#OGaGA# 20#48.,,2=2*9#7+))+#<-5)2#/#,*5*5#82,1.0*85*5# )5#48+,+065#72#7-+#,2*2#M^kOE#m#,*5*.#
72=.,*85*.#1:+#20#<-+,*.#48.=.*.8+B#2)#)+>5=+#72#M^kO#5)#48.482.#,2*.#85??.865#)K20*+8562.0+#72#
%Y##5))+#,+<-+06+#%Y%E#&2#/#20.)*8+#.,,+835*.#1:+#/#0+1+,,582.#=50*+0+8+#)K20*+>82*9#7+)#,2*.#
M^kO# 4+8# 4.*+8# 207-88+# -05# +,48+,,2.0+# +,*8.>+0.# 724+07+0*+# 7+)# 48.=.*.8+# 4&T# ,*+,,.#
@[58d+=#+*#5)B#THHTAE#
!)#?5**.8+#72#18+,12*5#20,-)2021.#72#*24.#!#@!R`kOA#/#48.7.**.#20#=.)*2#*+,,-*2#+#5>2,1+#1.=+#
?5**.8+# ,*2=.)50*+# )5# 18+,12*5# @_5->:575V# 507# Y.*l+20# OGaGAE# &*-72# 20# 1+))-)+# 72#
+45*.158120.=5# -=50.# @S+4RTA# :500.# 72=.,*85*.# 1:+# 501:+# 2)# >+0+# 4+8# <-+,*.# ?5**.8+# /#
D+8,5>)2.#4+8#-05#8+>.)562.0+#=+725*5#75))K+,*8.>+0.E#M05)2,2#7+))5#,+<-+065#7+)#48.=.*.8+#72#
!R`kO# :500.# +327+0625*.# 501:+# 20# <-+,*.# 15,.# )5#=5015065# 72# +)+=+0*2# 1)5,,212# 8+,4.0,232#
5))K+,*8.>+0.#@S5))#+*#5)B#OGGTAE#&*-72#72# *85,?+62.0+# 20#S+4RT#-*2)266507.#-05#,+<-+065#7+)#
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1.882,4.07+0*+# 72# *.4.# @g.)Te5OAE# F-+,*.# >+0+# 48.7-1+# 7-+# 48.*+20+# >+0+85*+# 75# ,4)2120>#
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<-+,*2#?5**.82#,*2=.)5#-05#=5>>2.8+#5**232*9#7+)#48.=.*.8+#+#4+8#)5#482=5#3.)*5#,2#?.802,1.0.#)+#
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.,*+D)5,*21.#@f.=.82#THHaAE##
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5)*82=+0*2#1.0.,12-*+#1.=+#(&%T#@.,*+.D)5,*k,4+12?21#12,k51*20>#+)+=+0*,A#@_-1V#+*#5)B#OGGWAE 
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1.))5>+0+#72,4.,*+#20#=.7.#8+>.)58+#+#?2**.#+#-0#5)*.#>857.#72#=20+85)266562.0+#@P58-V5=5#+*#
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7+>)2# .,*+.1)5,*2# 20# 82,4.,*5# 5# YMJfk"E# M01:+# $J`# 823+,*+# -0# 8-.).# 2=4.8*50*+# 4+8#
)K.,*+.1)5,*.>+0+,2#4+8#7-+#85>2.02L#OA#4+81:/#5-=+0*5#)K+,48+,,2.0+#,25#7+)#8+1+**.8+#YMJf#
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J`kd[#+#J`M$1O#,*+,,.# @[.V1+#+*#5)B#THHZ;#f58,+0*V#507#n5>0+8#THHTA#1:+#,.0.#72# ?5**.#
5**235*2#5#35))+#7+)#,+>05)+#48.=.,,.#75))K20*+8562.0+#YMJf"oYMJfE#'0.#7+2#=+11502,=2#72#
8+>.)562.0+#7+))K+,48+,,2.0+#>+0215#8+>.)5*5#75#J`M$1O#48+3+7+B#20?5**2B#1:+#J`M$1O#?.8=2#
7+2# 1.=4)+,,2B# 20*+85>+07.# 20#=.7.# 1..4+85*23.# 1.0#M^kO# +#J`kd[B# 48.33+7+07.# 501:+# 5#
,.,*+0+8+#)5#,-5#5-*.8+>.)562.0+#20#,+0,.#4.,2*23.B#,*85*+>25#-*2)2665*5#0+)#\1.==2*=+0*]#7+2#
)20?.12*2#$B#7+))+#1+))-)+#=-,1.)582#,1:+)+*821:+#+#1587251:+#@S.>50#+*#5)B#THHb;#M,5>282#+*#5)B#
THHZ;#$5d5V505>2#+*#5)B#THHT;#f2=#+#*5)B#THHZ;#P5*,-=.*.#+*#5)EB#THHe;#M0-,5d,5*:2+0#+*#5)B#
THHO;#$5d5V505>2#THHZAE##
&+=D85#1:+#501:+#1k`.,#,25#20#>857.#72#207-88+#)K+,48+,,2.0+#72#J`M$1O#@$5d5V505>2#+*#5)B#
THHT;# P5*,-.# +*# 5)B# THHeA# 48.=-.3+07.# <-2072# )5# ?.8=562.0+# 72# .,*+.1)5,*2# 48.=.,,5# 75#
YMJfk"# 501:+# ,+# 0.0# /# 2072,4+0,5D2)+# 4+8# <-+,*.B# 20?5**2B# 20# *.42# d0.1d.-*# 4+8# 1k`.,#
@$5d5V505>2#+*#5)B#THHT;#P5*,-.#+*#5)B#THHe;#f.>5#+*#5)B#THHe;#!,:275#+*#5)B#THHT;#S28.*502#+*#
5)B#THHeAB#J`M$1O#82+,1+#1.=-0<-+#5#,*2=.)58+#)K.,*+.1)5,*.>+0+,2B#20721507.#<-2072#1:+#1k
`.,#,2#*8.35#5#=.0*+#72#J`M$1O#20#<-+,*5#325#7+)#,+>050)+E#
M)*82#75*2#72# )+**+85*-85#7+,1823.0.B# 203+1+B# )K5**23562.0+#72#J`kd[#1.=+#482=.#+3+0*.#0+))5#
15,15*5#7+)#,+>05)+#,+>-2*.#4.2#75))K5**23562.0+#72#1k`.,#+#J`M$1OE#"K-*2)266.#72#202D2*.82#72#
# eb
J`kd[# D).1150.B# 20?5**2B# )5# =5*-8562.0+# 7+2# 48+1-8,.82# .,*+.1)5,*212# 501:+# ,+# <-+,*2# ,.0.#
*85**5*2# 1.0#YMJf"# .#$J`B# 0.0.,*50*+# <-+,*.#J`kd[# 0.0# /# +,,+0625)+# 0+)# \1.==2*=+0*]#
7+))+# 1+))-)+# ,*5=205)2# +=5*.4.2+*21:+# 5# 48.>+02*.82# 7+>)2# .,*+.1)5,*2B# <-507.# 4+8X# ,250.#
.3+8+,48+,,2#1k`.,#+#J`M$1O#@w5=5,:2*5#+*#5)B#THHWAE##
#
Ruolo di NFATc1 negli osteoblasti 
&*-72#8+1+0*2#:500.#72=.,*85*.#<-50*.#J`M$#5DD25#-0#8-.).#82)+350*+#501:+#0+)#48.=-.3+8+#
)5# 48.)2?+8562.0+# +# 2)# 72??+8+0625=+0*.# 7+>)2# .,*+.D)5,*2# +# 0+))K+,48+,,2.0+# 72# 48.*+20+#
1.))5>+021:+#+#0.0#1.))5>+021:+E#
M)1-02# 5-*.82# :500.# 202625)=+0*+# 72=.,*85*.# 1:+# *-**+# )+# 2,.?.8=+# ,25# 7+))5# ,-D-02*9#
15*5)2*215#M#1:+#7+))5#,-D-02*9#8+>.)5*821+#[#7+))5#15)120+-8205#,.0.#+,48+,,+#0+>)2#.,*+.D)5,*2#
=-8202E#"K+,48+,,2.0+#4.2#7+))5#15)120+-8205#1.=+#48.*+205#72# ?-,2.0+#$M$k15)120+-8205#M##
:5# 48.7.**.# -0# 5-=+0*.# 7+))K+,48+,,2.0+# 72# Y-0NT# +# 72# 5)*82# =5815*.82# .,*+.D)5,*212# 1.=+#
?.,?5*5,2# 5)15)205B# [&^# +# .,*+.15)1205B# 0.01:C# -0# 5-=+0*.# 0+))5# ?.8=562.0+# .,,+5# <-507.#
+,48+,,5# 20# *.42# *850,>+0212E#M)# 1.0*8582.# *.42#=-*50*2B# 15)120+-8205#M#kokB#=.,*85350.#.,,5#
.,*+.4.8.*21:+# +# -05# 827.**5# 544.,262.0+# 72# =5*821+# .,,+5# @&-0# +*# 5)B# THHZAE "5#
.3+8+,48+,,2.0+# 72# J`M$1O# 20# 48+1-8,.82# .,*+.D)5,*212# 75# 18502.# 72# *.4.# 48.=-.3+#
)K5**23562.0+#7+)#48.=.*.8+#7+)#>+0+#4+8#2)#1.))5>+0+#72#*24.#!#@g.)O5OAE##
!0#)20+5#1.0#<-+,*+#.,,+83562.02#5)*82#:500.#+327+0625*.#1:+#2)#*85**5=+0*.#72#.,*+.D)5,*2#
75#18502.#1.0#-0#202D2*.8+#7+))5#15)120+-8205#`fZHU#20*+8?+8235#1.0#)5#?.8=562.0+#72#0.7-)2#72#
=5*821+# =20+85)2665*5# @f-8.75# +*# 5)B# THHaAE# g2X# 3+0235# 1.0?+8=5*.# 20# 1+))-)+# 1:+# 0.0#
+,482=+350.#J`M$1OB#7.3+# )5# ?.8=562.0+#72#0.7-)2# +85# 5,,+0*+# @f-8.75#+*# 5)B# THHaAE#M)).#
,1.4.#72#27+0*2?2158+#2)#=+11502,=.#5))5#D5,+#72#<-+,*.#?+0.=+0.B#>)2#5-*.82#:500.#4+0,5*.#72#
35)-*58+# )K+??+**.# 72# -05# .3+8+,48+,,2.0+# 72# J`M$# ,-))K5**232*9# *85,18262.05)+# 72# *8+# ?5**.82#
+,,+0625)2#4+8#2)#72??+8+0625=+0*.#.,*+.D)5,*21.L#(,*+82NB#Y-0NT#+#&=57E#(,*+82N#/#-0#?5**.8+#
*85,18262.05)+# +# &=57# 85448+,+0*50.# -05# ?5=2>)25# 72# 48.*+20+# 72# ,+>05)+# 20*+8=+72+# 0+))5#
# ee
15,15*5# 7+)# ,+>05)+# 48.=.,,5# 75))5#[P^kT# @g:+0# +*# 5)B# THHeAE# !# 82,-)*5*2# .**+0-*2#=.,*850.#
1.=+# 12# ,25# -05# 1..4+8562.0+# ,2>02?215*235# *85# J`M$# +# (,*+82NB# 15)120+-8205k724+07+0*+B#
0+))K5**2358+# )5# *85,18262.0+# 7+)# >+0+# g.)!5OE# J`M$# +0?5*2665# )K562.0+# 72# (,*+82N# *85=2*+#
20*+8562.0+#728+**5#*85#2#7-+#?5**.82#+#0.0#5**853+8,.#-0#)+>5=+#5)#_JMB#20?5**2#2)#8+1)-*5=+0*.#
5)# 48.=.*.8+# 72# g.)!5O# 72# J`M$1O# /B# 20# 323.B# ,*8+**5=+0*+# 724+07+0*+# 75))5# 48+,+065# 72#
(,*+82NE#F-+,*5#24.*+,2#/#,*5*5#5335).85*5#75))K-*2)266.#72#-05#48.*+205#(,*+82N#*8.015#1:+#0.0#
+85#42Q#20#>857.#72#20*+85>28+#1.0#J`M$1O#@f.>5#+*#5)B#THHZA.  
!0# -0.# 7+>)2# ,*-72# 42Q# 8+1+0*2# @n20,).l# +*# 5)B# THHUA# ,.0.# ,*5*2# 18+5*2# *.42# *850,>+0212#
+,482=+0*2#-05#358250*+#72#J`M$1O#1.,*2*-*235=+0*+#).15)2665*5#0+)#0-1)+.#,.**.#2)#1.0*8.)).#
72#-0#48.=.*.8+#207-12D2)+#1.0#*+*85121)205E#F-+,*5#?.8=5#72#J`M$1O#/#+,48+,,5#0+)#*2=.B#0+2#
)20?.12*2#,4)+0212#+#0+))K.,,.B#+#42Q#48+12,5=+0*+#0+>)2#.,*+.D)5,*2;# 2)#?+0.*24.#.,,+.#72#<-+,*2#
*.42#+85#1585**+82665*.#75#-0#5-=+0*.#0-=+821.#7+>)2#.,*+.D)5,*2#+#75#-0#=5815*.#5-=+0*.#7+)#
3.)-=+#.,,+.# @n20,).l#+*# 5)B# THHUAE#M)# 1.0*8582.# *.42# *850,>+0212# 0.0# +,482=+0*2#J`M$1O#
,32)-4450.# 72?+**2# 0+))5# ,*8-**-85# .,,+5B# =.,*8507.# -0# 5-=+0*.# 0+))K.,*+.1)5,*.>+0+,2# 5#
72,4+**.#72#)23+))2#72#+,48+,,2.0+#72#YMJfk"#+#.,*+.48.*+>+8205#0.8=5)2E#
M01:+#5)*82#?5**.82#*85#1-2#12*.1:20+B#.8=.02#+#?5**.82#72#18+,12*5#207-1.0.#)5#?.8=562.0+#
72#.,*+.1)5,*2#+#<-2072#2)#825,,.8D2=+0*.#.,,+.#5**853+8,.#-0#=+11502,=.#20728+**.#1:+#48+3+7+#
)K2018+=+0*.# 7+))K+,48+,,2.0+# 72# YMJfk"# +# Pg&k`# 20# 1+))-)+# ,*8.=5)2# +# .,*+.D)5,*21:+#
42-**.,*.#1:+#5**853+8,.#-0K562.0+#728+**5#,-2#48+1-8,.82#.,*+.1)5,*212#@f2*5-85#+*#5)B#THHZAE#
g.=-0<-+#82,-)*5#1:258.#75#*-**+#<-+,*+#1.0,27+8562.02#1:+#2)#8-.).#7+)#,+>05)+#48.=.,,.#75#
15)120+-8205oJ`M$1O# /# +,*8+=5=+0*+# ,2>02?215*23.# ,25# 20# 1+))-)+# .,*+.1)5,*21:+# 1:+#
.,*+.D)5,*21:+# ,.485**-**.# 20# 82?+82=+0*.# 5))K.44.,*5# ?-062.0+# 1:+# <-+,*2# 7-+# *242# 1+))-)582#
+,4)2150.#5))K20*+80.#7+)#*+,,-*.#.,,+.E#
#
#
#
# eZ
SCOPO 
#
"K505)2,2# 7+))K.8>50266562.0+# 7+))5# 1.=4)+,,5# 8+>2.0+# ZK# 7+)# >+0+# -=50.# %Y## +# 7+))5#
1.0,+>-+0*+# 8+>.)562.0+# 7+))K+,48+,,2.0+# 72# <-+,*.# >+0+# 20# *+,,-*2# D+8,5>)2.# 7+))K+,*8.>+0.B#
85448+,+0*50.#75#*+=4.#)K.>>+**.#72#,*-72.#7+)#0.,*8.#>8-44.#72#821+815E#
".# ,1.4.# 72# <-+,*5# *+,2# /# ,*5*.# 823.)*.# 5))5# 1585**+8266562.0+# 7+))5# 8+>2.0+# 8+>.)5*235# 7+)#
48.=.*.8+# 72,*5)+# `B# ,2*-5*5# *85# kOOWaae# +# kOOWHOeE# &-))5# D5,+# 72# +327+06+# 1:+# ,.0.# ,*5*+#
8511.)*+#=+7250*+#-0K505)2,2#D2.20?.8=5*215B#).#,*-72.#:5#48+,.#20#1.0,27+8562.0+#4-*5*232#,2*2#
72#)+>5=+#4+8#2#?5**.82#*85,18262.05)2#Y-0NTB#J`M$1OB#M^kO#+#%Y#B#5)).#,1.4.#72#?58#)-1+#,-2#
=+11502,=2#1:+#8+>.)50.#)K+,48+,,2.0+#7+)#>+0+#%Y##,*+,,.B#2)#<-5)+#>2.15#-0#8-.).#1+0*85)+#
0+)# =+*5D.)2,=.# .,,+.E# '0K5)*+85*5# +,48+,,2.0+# 7+))5# 48.*+205# 7+*+8=205B# 20?5**2B# -0.#
,D2)50125=+0*.# 7+))K.=+.,*5,2# .,,+5# 1.0# )5# 1.0,+>-+0*+# 20,.8>+065# 72# 723+8,+# ,2*-562.02#
45*.).>21:+E#
!0# 458*21.)58+# )5# 821+815# ,2# /# 1.01+0*85*5# ,-# <-+2# ?5**.82# 1:+# 0-=+8.,2# ,*-72# :500.# 207215*.#
1.=+# 8+>.)5*.82# +,,+0625)2# 7+))K.,*+.D)5,*.>+0+,2B# +# 1:+# 4+8*50*.# 4.,,.0.# 82,-)*58+# D-.02#
1507275*2# 4+8# -05# *+85425# =285*5# 823.)*5# 5# 1-858+# 72?+**2# 7+)# *+,,-*.# .,,+.# D5,5*5# ,-))5#
=.7-)562.0+#7+))K+,48+,,2.0+#72#>+02#,4+12?212E#%K#,*5*.#20?5**2#72=.,*85*.#1:+#=.)*+#45*.).>2+#
7+)# *+,,-*.# .,,+.# 1:+# 1.=48+07.0.# 1.07262.02# 7+>+0+85*23+B# 20?25==562.02B# 0+.4)5,2+#
482=582+#.#,+1.07582+#,.0.#1585**+82665*+#75#-0K5)*+85*5#5**232*9#72#5)1-02#?5**.82#*85,18262.05)2B#
*85#1-2#<-+))2#1.0,27+85*2#20#<-+,*5#*+,2E#
^+8#85>>2-0>+8+#<-+,*.#,1.4.#,2#,.0.#+??+**-5*+L##
" M05)2,2# 7+)# 8-.).# ?-062.05)+# 72# 72??+8+0*2# ,+<-+06+# 54458*+0+0*2# 5)# 48.=.*.8+# `#
=+7250*+#,5>>2#72#)-12?+85,2E#
" p5)-*562.0+# =+7250*+# ,5>>2# 72# 82*587.# 7+))5# 1.8,5# +)+**8.?.8+*215# @%P&MA# 7+))+#
20*+8562.02#_JMk48.*+205#\20#32*8.]#*85#2#4-*5*232#,2*2#Y-0NTB#%Y%#+#M^kO#48+,+0*2#0+)#
48.=.*.8+#+#)+#48.*+20+#48+,+0*2#0+>)2#+,*85**2#0-1)+582#72#1+))-)+#.,*+.D)5,*21:+E#
# eU
" p5)-*562.0+#=+7250*+# 2==-0.48+1242*562.0+#7+))5#18.=5*205#@g:!^A#7+))+# 20*+8562.02#
\20#323.]#*85#2#?5**.82#*85,18262.05)2#1.0,27+85*2#+#)5#8+>2.0+#7+)#48.=.*.8+#`#20#+,5=+E#
" p5)-*562.02# 7+)# 8-.).# ?-062.05)+# 7+2# ,2*2# Y-0NTB# %Y%# +# M^kO#=+7250*+#=-*5>+0+,2#
,2*.k,4+12?215E#
" #p5)-*562.0+#7+))K+??+**.#7+))5#7+4)+62.0+#72#Y-0NTB#=+7250*+#,2)+0625=+0*.#>+021.E#
" p5)-*562.0+#7+)# 8-.).#72#J`M$1O#=+7250*+#,*85*+>25#7+1.V#1.=D205*5#5))K505)2,2#7+)#
48.=.*.8+E#
^+8*50*.B# 0+)# 1.=4)+,,.B# 2)# 72,+>0.# ,4+82=+0*5)+# /# ,*5*.# 823.)*.# 57# -05# 1585**+8266562.0+#
=.)+1.)58+# 7+2# =+11502,=2# 1:+# 8+>.)50.# )K+,48+,,2.0+# 7+)# >+0+# %Y## 0+))+# 1+))-)+#
.,*+.D)5,*21:+# 5)).# ,1.4.#72# ?.8028+# 0-.32# +)+=+0*2# 0.0# ,.).#4+8# 1.=48+07+8+# )5# 1.=4)+,,5#
D2.).>25#72#<-+,*+#1+))-)+B#=5#501:+#4+8#4+0,58+#0-.3+#,*85*+>2+#*+854+-*21:+#0+)#15=4.#7+))5#
=+721205#82>+0+85*235#7+)#*+,,-*.#.,,+.E#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
# eW
MATERIALI E METODI  
#
Colture cellulari. 
"+#)20++#1+))-)582#-=50+#-*2)2665*+#4+8#>)2#+,4+82=+0*2#72#<-+,*5#*+,2#,.0.L#
k#)20+5#72#158120.=5#=5==582.#Pg`kW;#
k#)20+5#72#158120.=5#=5==582.#P_MkP[kTbO;#
k#)20+5#72#.,*+.,581.=5#&5(&kT;#
k#)20+5#72#.,*+.,581.=5#PRUbE#
$-**+# )+# )20++# 1+))-)582# ,.0.#=50*+0-*+# 20# *+88+0.# 72# 1.)*-85#"P%P# @"kP202=-=#%,,+0*25)#
P+72-=;# &2>=5# M)7821:A# 5# 1-2# 3+0>.0.# 577262.05*2L# ,2+8.# ?+*5)+# D.320.# `[&# @g%"[!(#
%-8.g).0+B# P2)50.B# !*5)25A# 5)# OHIB# 20# 48+,+065# 72# >)-*5==205# @T=PAB# 50*2D2.*212#
,*8+4*.=21205#@ZH#=>o=)A#+#4+0212))205#@OHH#=>o=)AE#
g.)*-8+#482=582+#72#(,*+.D)5,*2#'=502#@:([,AE#F-+,*+#1.)*-8+#,.0.#,*5*+#.**+0-*+#1.)*23507.#
?85==+0*2# .,,+2# 48.3+02+0*2# 75# 48+)2+32# +??+**-5*2# 20# ,5)5# .4+85*.825# 75))K5015# 72# 4562+0*2#
1.0,+062+0*2#+#48+1+7+0*+=+0*+#20?.8=5*2#,-))5#05*-85B#).#,1.4.#+#)+#48.1+7-8+#7+)#48.>+**.E#!#
?85==+0*2# .,,+2# ,.0.# ,*5*2# -)*+82.8=+0*+# 827.**2# 72# 72=+0,2.0+B# )535*2# 1.0# ^[&# @^:.,4:5*+k
D-??+8+7#,5)20+L#ObUEG#=P#J5g)B#TEUa#=P#fg)B#OHEOb#=P#J5TS^(eB#OEWU#=P#fST^(eA#+#
=50*+0-*2#20#1.)*-85#20#*+88+0.#"P%P#5#1-2#3+0>.0.#577262.05*2L#,2+8.#?+*5)+#D.320.#`[&#5)#
THIB# 20# 48+,+065# 72# >)-*5==205# @T=PAB# 50*2D2.*212# ,*8+4*.=21205# @ZH#$>o=)A# +# 4+0212))205#
@OHH#$>o=)AE#_.4.#12815#-05#,+**2=505#,2#.,,+835#)5#?-.82-,12*5#72#1+))-)+#752#?85==+0*2#.,,+2#
=5# )5# 1.0?)-+065# ,-??212+0*+# 4+8# 48.1+7+8+# 5))5# ,+=205# 4+8# >)2# +,4+82=+0*2# ,2# 85>>2-0>+#
,.)2*5=+0*+#7.4.#12815#<-5**8.k#,+2#,+**2=50+E#^+8#>)2#+,4+82=+0*2#7+,182**2#20#<-+,*5#*+,2#,.0.#
,*5*+#-,5*+#1.)*-8+#1:+#53+350.#,-D2*.#,.).#-0#45,,5>>2.E#
$-**+#)+#1.)*-8+#1+))-)582#3+0>.0.#=50*+0-*+#20#201-D5*.8+#5#bW#zgB#20#5*=.,?+85#-=272?215*5#
5))KaHI#20#48+,+065#72#g(T#5)#ZIE#
 
# ea
Immunocitochimica. 
"K2075>20+# 2==-0.12*.1:2=215# 4+8# )5# 48.*+205# %Y"# /# ,*5*5# +??+**-5*5# =+7250*+# 2)# =+*.7.#
,*8+4*5327205kD2.*205B# -,507.# )K')*85,*52020# ^.)V35)+0*kSY^# 2==-0.,*52020># f2*# @w)+=B#
Y.=5B# !*5)25AE# "+# 1+))-)+# @P_MkP[kTbOB# Pg`WB# &5(&kTB# PRUb# +# :([,A# 1.)*235*+# 20#
1:5=D+8#,)27+B#3+0>.0.#)535*+#7-+#3.)*+#1.0#$[&B#$82,kD-??+8+7#,5)20+#@TEU#=P#fg)B#HEOP#
J5g)B#TZ#=P#$82,AB#?2,,5*+#1.0#=+*50.).#OHHI#?8+77.#4+8#OH#=20-*2#+#4+8=+5D2)2665*+#1.0#
HETI# $82*.0# vkOHH# @&2>=5AE# &+>-+# -0K201-D562.0+# 4+8# )K202D262.0+# 7+))5# 4+8.,,275,2#
+07.>+05# 1.0#ST(T# 5)# bI# 1:+# 32+0+# D).115*5# 1.0# )K5>>2-0*5# 72# 7-+# >.11+# 72# &-4+8#[).1d#
Y+5>+0*# ?.802*.# 75)# f2*E# p2+0+# <-2072# 5>>2-0*.# )K50*21.84.# 482=582.# =.0.1).05)+# 72# 85**.#
1.0*8.# %Y"# @OLZHHA# @&50*5# g8-6# [2.*+10.).>VAE# !)# *-**.# 32+0+# 201-D5*.# 5# ezg# (EJE# M#
*+=4+85*-85#5=D2+0*+#)+#1+))-)+#,.0.#201-D5*+#1.0#\M0*2k^.)V35)+0*#[2.*20V)5*+7#M0*2D.7V];#
,+>-+#-0K5)*85#201-D562.0+#20#&*8+4*532720#SY^#+7#20?20+B#)K5>>2-0*5#7+))5#=2,1+)5#,-D,*85*.k
18.=.>+0.# @g8.=.>+0.# f2*B# w)+=AE# "5# 8+562.0+# 32+0+# )5,125*5# 48.1+7+8+# 4+8# -0# *+=4.#
35825D2)+# *85# 2# ZK# +# 2# OHKB# ?20.# 5)# 85>>2-0>2=+0*.# 7+))K20*+0,2*9# 72# 1.).8562.0+# 7+,27+85*5# +B#
<-2072B#D).115*5#1.0#-0#)535>>2.#20#$[&E#!#3+*8202#3+0>.0.#1.0,+835*2#20#>)21+8.).o^[&#GLO#+#
.,,+835*2#-,507.#-0#=218.,1.42.#"+2*6E#
#
Estrazione dell’RNA. 
!)#4+))+*#1+))-)58+#.**+0-*.#75#12815#O#N#OHU#1+))-)+B#32+0+#82,.,4+,.#20#-0#D-??+8#72#)2,2#@GHH#%)#
72#_+05*-820>#&.)-*2.0#B#YJM>+0*,#$.*5)#YJM#!,.)5*2.0#&V,*+=B#^8.=+>5A;#,-11+,,235=+0*+#
5)# )2,5*.# 1+))-)58+# ,2# 5>>2-0>.0.# GH# %)# 72# ,.72.# 51+*5*.# TP# +# GHH# %)# 72#
?+0.).L1).8.?.8=2.L5)1..)#2,.5=2)21.;#7.4.#53+8#=+,1.)5*.#32>.8.,5=+0*+B#2)#15=42.0+#32+0+#
)5,125*.#20#>:25112.#4+8#OZKE#M)#*+8=20+#7+))K201-D562.0+B#-05#1+0*82?->5*5#5#OHHHH#N#>#4+8#THK#
5# ezg# 4+8=+**+# )5# ?.8=562.0+# 72# 7-+# ?5,2L# -05# .8>50215B# +7# -05# 51<-.,5# +# *85,458+0*+B#
,.385,*50*+B#20#1-2#,2#*8.35#)KYJME#F-+,*5#7+3+#+,,+8+#*85,?+82*5#20#-05#0-.35#48.3+**5#<-2072#
577262.05*5#72#5)1..)#2,.48.42)21.#20#+>-5)#3.)-=+#+#201-D5*5#5#uTHzg#4+8#OHK#4+8#4+8=+**+8+#
# eG
5))KYJM#72#48+1242*58+E#&-11+,,235=+0*+#,2#+??+**-5#-05#,+1.075#1+0*82?->5*5#4+8#OHK#5#OHHHH#
N# ># 5# ezg;# 2)# 4+))+*# *85,458+0*+# 1.,t# .**+0-*.# 32+0+# )535*.# 20# +*50.).# 5)# WZI# =+7250*+#
1+0*82?->562.0+# 5# OHHHH# N# ># 4+8# OHK# 5# e{gE# "K+*50.).# 32+0+# +)2=205*.# *85=2*+# ZK# 72#
+,,211562.0+# ,.**.3-.*.# +# 2)# 4+))+*# 82,.,4+,.# 20# OH# %)# 72# 51<-5# _%^g# @51<-5# D272,*2))5*5B#
577262.05*5#72#HEOI#72+*2)428.158D.05*.#4+8#Te#.8+AE#
^+8# 3+82?2158+# +# <-50*2?2158+# )KYJM# +,*85**.B# ,2# 5>>2-0>+# O# %)# 72# YJM# 57# -05# ,.)-62.0+#
1.=4.,*5#75L#T#%)#72#Zv#8-0020>#D-??+8#@HET#P#5127.#bk=.8?.)20#48.450#,-)?.021.#4S#WEHB#ZH#
=P#,.72.#51+*5*.B#Z=P#%_$M#4S#aEHAB#bEZ#%)#72#?.8=5)7+27+#+#OH#%)#72#?.8=5==27+#4+8#-0#
3.)-=+#*.*5)+#72#TH#%)E#F-+,*5#,.)-62.0+#32+0+#)5,125*5#OZK#5#ZZ{g#4+8#7+05*-858+# )KYJMB#+#
<-2072#5>>2-0*5#72#>)21+8.).#1:+#0+#?512)2*5#2)#158215=+0*.#,-#>+)E#F-+,*.#/#-0#>+)#72#5>58.,.#
OI#20#$M%#Ov#@eH#=P#$82,B#TH#=P#5127.#51+*21.#>)5125)+B#TEH#=P#%_$M#4S#aA#1.0*+0+0*+#
O=>o=)# 72# +*272.# D8.=-8.;# 32+0+# 158215*.# 501:+# -0# =58d+8# 72# 4+,.# =.)+1.)58+# 0.*.# 4+8#
3+82?2158+# )5# <-5)2*9# 7+))KYJME#"K+,4.,262.0+#7+)# >+)# 5))5# )-1+#'p#4+8=+**+# 72# 3+82?2158+# )5#
48+,+065#72#*8+#D507+#1.882,4.07+0*2#5))KYJM#Z&B#Oa&#+#Ta&#1:+#5**+,*50.#)5#48+,+065#72#YJM#
0.0#7+>8575*.E##
#
Reversione in cDNA. 
"KYJM#*.*5)+#1.,t#.**+0-*.#32+0+#8+3+8*2*.#5#1_JM#4+8# 2)#,-11+,,23.#-*2)266.# 20#Y+5)#$2=+k
^gY#<-50*2*5*235B#*85=2*+#2)#f2*#!=^8.=k!!#Y+3+8,+#$850,1824*2.0#&V,*+=#@^8.=+>5AE#!#482=+8#
?.802*2#5))5#*85,182**5,2#203+8,5#,.0.#-05#=2,1+)5#72#.)2>.0-1)+.*272#15,-5)2B#48+,+0*2#0+)#f2*E#^+8#
588211:28+# 2)# 1_JM# *.*5)+# 72# <-+)).# 1.882,4.07+0*+# 57# %Y"# ,2# 5>>2-0>.0.# 501:+# 482=+8,#
,4+12?212# 1.=4)+=+0*582# 5# 8+>2.02# 48+,+0*2# 0+))K+,.0+# O# @YT"AB# 0+))K+,.0+# a# @OT=+8A# +#
0+))K+,.0+#`#@YSTHHHAB#)+#1-2#,+<-+06+#,.0.#72#,+>-2*.#824.8*5*+L#
YT"L# # ZKk$MRRRggM$gggMRM$Rg$$$RR$kbK#
OT=+8L# # ZKkRggMRRRMRg$gkbK#
YSTHHHL# ZKkgMR$RM$RR$$gMMMR$$gMkbK#
# ZH
"KYJM#32+0+# 201-D5*.#5#WH{g#4+8#ZK#4+8#4+8=+**+80+# )5#7+05*-8562.0+E#&-11+,,235=+0*+# )5#
8+562.0+# 32+0+# 577262.05*5# 72# TEZ#=P# 72#P>g)TB# HEZ#=P# 7J$^# +# OH#=P#_$$# 20# \^gYk
D-??+8]# OvE# _.4.# ZK# 5# *+=4+85*-85# 5=D2+0*+B# ,2# 5>>2-0>+# O# -02*9# 72# *85,182**5,2# 203+8,5#
!=^8.=k!!$P#Y+3+8,+# $850,1824*5,+# @^8.=+>5A# +# ,2# )5,125# 201-D58+# 4+8# O# .85# 5# eT{gE# "5#
8+562.0+# 32+0+# 4.2# 201-D5*5# 4+8# OZK# 5# WH{gE# ^+8# 82=-.3+8+# )KYJM# 501.85# 48+,+0*+B# 2)#
15=42.0+# 32+0+# *85**5*.# 1.0# T# -02*9# 72#YJM,+#S# 4+8# THK# 5# bW{g;# )5# 8+562.0+# 32+0+# <-2072#
D).115*5#4+8#ZK#5#GZ{gE#!)#1_JM#4-X#+,,+8+#<-2072#1.0,+835*.#5#kTH{gE#
#
RT-PCR-quantitativa. 
J+>)2#+,4+82=+0*2#7+,182**2#20#<-+,*5#*+,2#/#,*5*5#-*2)2665*5#)5#*+10.).>25#$5<P50#1:+#48+3+7+#
)K2=42+>.#72#.)2>.0-1)+.*272#,.075B#1.=4)+=+0*582#52#>+02#D+8,5>)2.#+7#5,,.125*2# 20#ZK#57#-0#
1.).850*+#8+4.8*+8#?)-.8+,1+0*+#@`MP#Uk158D.NV?)-.8+,1+20#4+8#%Y"#+#4+8#)K2,.?.8=5#`B#p!g#
4+8# 2)#>+0+#:.-,+d++420>#RM^_SA#+# 20#+,*8+=2*9#bK#57#-0#1.).850*+#<-+01:+8# @$MPYM#Uk
158D.NVk*+*85=+*:V)8:.75=20+A# 1:+# 1.48+# )5# ?)-.8+,1+065# 7+)# 482=.# ?20.# 5# 1:+# )K5**232*9#
+,.0-1)+5,215#ZKkbK7+))5#$5<#_JM#4.)2=+85,2#0.0#)2#,+4585E#
"K5=4)2?21562.0+# 7+)# 1_JM# 72# %Y"# /# 8+5)2665*5# -*2)266507.# -05# =2N# THv# 72# 482=+8# 0.0#
=5815*2#+#)5#,.075#$5<P50#PR[#ZKk$RM$RMMMRR$RRRM$MgRMMMMRMkbK#@#M44)2+7#
[2.,V,*+=,AB#72,+>05*5#*85#)K+,.0+#b#+#)K+,.0+#eE#
"5#,.075#,4+12?215#4+8#82)+358+#)K2,.?.8=5#`#/#72,+>05*5#0+))K+,.0+#`#+#)5#,+<-+065#/#824.8*5*5#
72#,+>-2*.L##ZKk$g$g$$gMMRMMRMMRMMMkbKE#
"5# ,.075# $5<P50#PR[# 4+8# 82)+358+# 2)# 1_JM# 7+)# Y+1+**.8+# 4+8# 2)# ^8.>+,*+8.0+# @^YA# /# )5#
,+>-+0*+L#ZKkM$gM$$RggMRR$$$$gRMMMg$$MkbKE#
"5# ?)-.8+,1+065# :5B# 4+8# 2# 482=2# THkTZ# 121)2B# -0# )23+)).# D5,5)+;# =5# <-507.# )5# <-50*2*9# 72#
5=4)2?215*.# 1.=20125# 5# 18+,1+8+# 20#=502+85# +,4.0+0625)+B# ,2# :5# -0# 1.882,4.07+0*+# 5-=+0*.#
7+))5#?)-.8+,1+065#,*+,,5E#"K207215*.8+#7+))5#<-50*2*9#72#1_JM#72#458*+065#/#2)#1.,277+**.#121).#
,.>)25#@g*AB#.,,25#)5#?8562.0+#72#121).#20#1-2#1.=20125#)K5-=+0*.#+,4.0+0625)+E#!)#35).8+#7+)#g*#
# ZO
/# 203+8,5=+0*+# 48.4.862.05)+# 5))5# <-50*2*9# 72# 1_JM# 72# 458*+065# +7# /# 75# +,,.# 1:+# 458*+#
)K+)5D.8562.0+#7+2#75*2E#
"K-,.#7+)#>+0+#72#82?+82=+0*.#4+8=+**+#72#0.8=5)26658+#2#35).82E#
"+#^gY#,.0.#+,+>-2*+# 20# *824)215*.#4+8#.>02# 15=42.0+E#J+))5# ,*+,,5# 8+562.0+B# 2# 1_JM#,.0.#
505)2665*2# 4+8# 2)# >+0+# 72# 20*+8+,,+# @%Y"# .# )K2,.?.8=5# `# +# ^YA# +# 4+8# 2)# >+0+# 72# 82?+82=+0*.#
@RM^_SAE#
!# 35).82# 72# g*# ,.0.# 48+,2# 1.=+# 35).82#=+72# 7+2# 7-4)215*2E# &2# 15)1.)5# <-2072# 2)#&g*# 1.=+# )5#
72??+8+065#*85#2)#g*#7+)#>+0+#*58>+*#+#<-+)).#7+))K:.-,+d++420>E#F-2072#,2#,1+>)2+#-0#15=42.0+#
15)2D85*.8+B#.,,25#2)#35).8+#72#&g*#7+)#15=42.0+#1.0#2#)23+))2#42Q#D5,,2#7+)#1_JM#*58>+*#+#1:+#
4+8=+**+# 2)# 1.0?8.0*.# 7+))K+,48+,,2.0+# >+0215# *85# >)2# 5)*82# 15=42.02E# &2# 15)1.)5# 4.2# 2)#&&g*#
1.=+# )5# 72??+8+065# *85# 2)# &g*# 72# .>02# 15=42.0+# +# <-+)).# 7+)# 15)2D85*.8+E# &+1.07.# -05#
+)5D.8562.0+# 35)275*5# 75)# 7+4.,2*582.# 7+))5# *+10.).>25B# 2# )23+))2# 72# +,48+,,2.0+# 7+2# 15=42.02#
4.,,.0.#+,,+8+# +,48+,,2# 1.=+#Tk&&g*B# 35).8+#7+?202*.# \?.)7# 207-1*2.0]B# 1:+#35)-*5# )+#3.)*+#72#
2018+=+0*.#82,4+**.#5)#15=42.0+#,1+)*.#1.=+#15)2D85*.8+E#"5#=511:205#2=42+>5*5#4+8#)5#^gY#
<-50*2*5*235#20#*+=4.#8+5)+#/#M[!#^82,=#WWHH#&+<-+01+#_+*+1*2.0#&V,*+=E#
#
Preparazione degli estratti nucleari 
_.4.#+)2=20562.0+#7+)#*+88+0.#72#1.)*-85#)+#1+))-)+#3+0>.0.#\)535*+]#1.0#^[&#1.0*+0+0*+#>)2#
202D2*.82# 72# 48.*+5,2# @M%&[`# OHe#=PB# M48.*205# HEHa#=PB# "+-4+4*205# T#=PB# [+,*5*205# e#
=PB# ^+4,*5*205# M# OEZ# =PB# %kUe# OEe# =P;# 48.*+5,+# 20:2D2*.8# 1.1d*52)B# &2>=5A# +# ^P&`#
@^:+0V)=+*:50+,-)?.0V)# ?)-.827+AB# 8511.)*+#+#1+0*82?->5*+#4+8#ZK#5#OTHH#84=#5#e{gE# !)#4+))+*#
1+))-)58+#32+0+#82,.,4+,.#20#eHH#-)#72#D-??+8#M#@OH#=P#S+4+,#4S#WEGB#T#=P#P>g)TB#OH#=P#
fg)B# HEO# =P# %_$MB# O# =P# _$$B# HEO# =P# ^P&`A# +# =50*+0-*.# 4+8# OZK# 20# >:25112.# # +#
,-11+,,235=+0*+# # 1+0*82?->5*.# 4+8# ZK# 5# OeHHH# 84=E# !)# ,-805*50*+# 32+0+# 82=.,,.# +# 2)# 4+))+*#
0-1)+58+#32+0+#82,.,4+,.#20#eH#-)#72#D-??+8#g#@ZH#=P#S+4+,#4S#WEGB#TZI#>)21+8.).B#bHH#=P#
# ZT
J5g)B# ZH# =P# fg)# HEO# =P# %_$MB# HEO# =P# ^P&`B# O# =P# _$$A# +# 201-D5*.# 4+8# THK# 20#
>:25112.E# "K.=.>+05*.# 32+0+# <-2072# 1+0*82?->5*.# 4+8# ZK# 5# OeHHH# 84=# 5# e{gE# &2# 8511.>)2+#
<-2072#2)#,-805*50*+#1:+#85448+,+0*5#)K+,*85**.#0-1)+58+B#).#,2#5)2<-.*5#+#).#,2#1.0,+835#5#kaH.gE#
"5# 1.01+0*8562.0+# 48.*+215# /# 35)-*5*5# *85=2*+# 2)# =+*.7.# [857?.87# @[857?.87# Y+5>+0*# ?.8#
^8.*+20#_+*+8=205*2.0B#&2>=5AE#
#
Preparazione degli estratti cellulari#
_.4.# 53+8# +)2=205*.# 2)# *+88+0.# 72# 1.)*-85B# )+# 1+))-)+# 3+0>.0.# )535*+# 7-+# 3.)*+# 1.0# Ov#^[&#
?8+77.B#1.0*+0+*+#>)2#202D2*.82#7+))+#48.*+5,2#+#^P&`B#8511.)*+#+#1+0*82?->5*+#4+8#ZK#5#OTHH#84=#
5#e{gE#!)#4+))+*#1+))-)58+#1.882,4.07+0*+#5#12815#Z#N#OHZ#1+))-)+B#32+0+#82,.,4+,.# 20#THH#$)#72#
-05#,.)-62.0+#)2,50*+#@#ZH#=P#$82,kSg)#4S#aB#OZH#=P#J5g)B#HEHTI#&.72.#5627+B#OI#$82*.0#
vkOHHB#51<-5A#5#1-2#,2#5>>2-0>.0.#>)2#202D2*.82#7+))+#48.*+5,2E#"+#1+))-)+#3+0>.0.#=50*+0-*+#20#
>:25112.#4+8#12815#bHK#+#,-11+,,235=+0*+#1+0*82?->5*+#4+8#TK#5#OeHHH#84=#5#e{gE#&2#8511.>)2+#
<-2072# 2)# ,-805*50*+B# 75# 1-2# ,2# 48+)+35# -0K5)2<-.*5# 72# 12815# Z# $)# 4+8# )5# 35)-*562.0+# 7+))5#
1.01+0*8562.0+#.**+0-*5#=+7250*+#=+*.7.#[857?.87#+#)+**-85#,4+**8.?.*.=+*8215E#!)#8+,*.#32+0+#
,.**.4.,*.#5))5#,.)-62.0+#72#,?5,12.#+#1.0,+835*.#5#uaH{gE##
 
Western blotting 
"+# 48.*+20+# 3+0>.0.# ?5**+# =2>858+# ,-# OHI# &_&k^MR%B# ,.0.# 4.2# *85,?+82*+# ,-# -0# ?2)*8.# 72#
^p_`# @=+=D8505# 72# ^.)23202)27+0+# ?)-.827+AE# _.4.# )K+)+**8.D).**20>B# )+# 48.*+20+# 3+0>.0.#
32,-5)2665*+#-,507.#2)#8+5>+0*+#^(Jg%M'#&#@&2>=5AE#!)#?2)*8.#32+0+#\D).115*.]#4+8#7-+#.8+#5#
*+=4+85*-85#5=D2+0*+#1.0#Ov#^[&B#1.0*+0+0*+#HEHZI#$n%%J#TH#@^[&$A#+#)5**+#,18+=5*.B#+#
32+0+# 4.2# 201-D5*.# 1.0# )q50*21.84.# ,4+12?21.# 1.0*8.# %Y"# -=50.# @OLTHHHA# +# 1.0*8.# !^@bAk
f205,+# @OLbHHHA# @'4,*5*+AB# 1.0*8.# 1kc-0# @OLTHHHAB# 1.0*8.# 1k?.,# @OLTHHHAB# 1.0*8.# M$`kT#
# Zb
@OLTHHHAB# 1.0*8.# `85kT# @OLTHHHAB# 1.0*8.#J`M$1O# @OLOHHHA# +# 1.0*8.# Y-0NT# @OLOHHHA# @&50*5#
g8-6#[2.*+1:0.).>VA# 0+))5# ,*+,,5# ,.)-62.0+# -,5*5# 4+8# 2)# D).115>>2.B# \.3+8# 02>:*]# 5# e{gE# !0#
,+>-2*.B#2)#?2)*8.#32+0+#)535*.#*8+#3.)*+#1.0#^[&$#4+8#bHK#+#201-D5*.#4+8#eZK#1.0#^[&$#+#)5**+#
,18+=5*.# 1.0*+0+0*+# )K+062=5# 4+8.,,275,2# 1.02->5*.# 1.0# )K50*21.84.# !>R# 50*2# 1.02>)2.#
@OLZHHHHA#@_5d.AE#!0?20+#2)#?2)*8.#32+0+#)535*.#*8+#3.)*+#1.0#^[&$#4+8#bHKE#"K2==-0.8+5**232*9#
7+))+#48.*+20+#32+0+#32,-5)2665*5#-*2)266507.#2)#,2,*+=5#&-4+8#&2>05)#n+,*#`+=*.#@^2+81+AE#
#
Preparazione dei costrutti  
^+8# 2# ,5>>2# )-12?+85,212# ,.0.# ,*5*2# 48.7.**2# 1.,*8-**2# 4)5,=27212B# =+7250*+# 1).0562.0+# 72#
?85==+0*2# 7+)# 48.=.*.8+# 20# ,*-72.# 0+)# 4)5,=27+# 4R"bkD5,21# @^8.=+>5B# P572,.0AE# %,,2#
3+0>.0.#20,+82*2#5#=.0*+#7+)#>+0+#8+4.8*+8#7+))5# )-12?+85,2#@"'gAE#"5#,+<-+065#72#aUT#D4#@k
OOWaWGokOOWHOeA#54458*+0+0*+#5)#48.=.*.8+#`#/#,*5*5#5=4)2?215*5#75#_JM#>+0.=21.#-=50.#
=+7250*+# 8+562.0+# 72# ^gYB# -*2)266507.# 2# ,+>-+0*2# 482=+8,# @20# 1585**+8+# =20-,1.).# ,.0.#
824.8*5*+#)+#,+<-+06+#72#821.0.,12=+0*.#4+8#>)2#+062=2#72#8+,*8262.0+#P)-!#+#[>)!!AL#
`lL## ZKk#1>51>1>*Mgg$Mg$RgM$MMMggMgMgg#kbK#
Y+3L## ZKk#>55>5*1*$$RMMRMRMMRM$$M$gMg$g#kbKE#
!)#?85==+0*.#72#aUT#D4#/#,*5*.#-,5*.#4+8#>+0+858+#2#=-*50*2#72#7+)+62.0+#72#eZO#D4#@kOOWaWUok
OOWeTUA# +# 72# eOO# D4# @kOOWeTUokOOWHOeA# =+7250*+# 72>+,*2.0+# +062=5*215# 1.0# )K+062=5# 72#
8+,*8262.0+#S207!!!E#!)#?85==+0*.#72#TWT#D4#@kOOWTaWokOOWHOeA#+#2)#?85==+0*.#OaH#@kOOWOGeok
OOWHOeA#,.0.#,*5*2#>+0+85*2#*85=2*+#^gY#-*2)266507.#1.=+#*+=4)5*.#72#458*+065#2)#?85==+0*.#
72#aUT#D4B#+#2#482=+8,#72#,+>-2*.#824.8*5*2#@20#1585**+8+#=20-,1.).#,.0.#207215*+#)+#,+<-+06+#72#
821.0.,12=+0*.#4+8#>)2#+062=2#72#8+,*8262.0+#P)-!#+#[>)!!AL##
`l#@OaHAL########################ZK#u1>51>1>*$$gg$MM$$$gM$RR$gM#kbKB#
`l#@TWTAL########################ZKk#1>51>1>*MMRgMMRRggMg#k#bKB#
Y+3#1.=-0+L###################ZKk#>55>5*1*$$RMMRMRMMRM$$M$gMg$g#kbKE#
# Ze
!# ?85==+0*2#48.7.**2# ,.0.#,*5*2#72>+82*2#1.0#>)2#+062=2#72# 8+,*8262.0+#.44.8*-02# @.3+8#02>:*#5#
bW{g#1.0#b#'#72# +062=5A# +7# 20,+82*2# 0+)# 3+**.8+# 8+4.8*+8#4R"bk[5,21# @^8.=+>5A#72>+82*.# 20#
4585))+).#1.0#2#=+7+,2=2#+062=2B#=+7250*+#8+562.0+#)2>5,215#1.0#b#'#72#)2>5,2#@^8.=+>5A#4+8#U#
:#5#OU{#gE##
#
"5# =-*5>+0+,2# ,2*.k,4+12?215# /# ,*5*5# -*2)2665*5# 4+8# 20*8.7-88+# )5# ,.,*2*-62.0+# 72# -0.# +# 7-+#
0-1)+.*272#82,4+**235=+0*+#0+))+#,+<-+06+#7+2#,2*2#72#)+>5=+#@5A#+#@DA#4+8#Y-0NT#@0+2#1.,*8-**2#
aUT#+#eZOAB#>+0+8507.#2#48.7.**2#=-*5*2#@5A#=-*#+#@DA#=-*#+#0+))+#,+<-+06+#7+2#,2*2#72#)+>5=+#
M^kO@OA#+#%Y%#:5)?#,2*+#@0+2#1.,*8-**2#aUTB#eZO#+#TWTAB#>+0+8507.#2#48.7.**2#=-*5*2#M^kO@OA=#
+#|#%Y%#=E#!#4)5,=272#=-*5>+02665*2#,.0.#,*5*2#18+5*2#*85=2*+#8+562.0+#72#\482=+8#+N*+0,2.0]B#
1.07.**5#,-2#1.,*8-**2#.82>205)2B#-*2)266507.L##
k482=+8,#1.=4)+=+0*582#52#,2*2#72#)+>5=+#@5A#+#@DA#4+8#Y-0NT#4.8*50*2#)5#=-*562.0+#@207215*5#20#
1585**+8+#=20-,1.).#0+))5#,+<-+065#,.**.#824.8*5*5AL##
&2*.#@5A#=-*###`l# ZKk#RgM$MMMgg*gMggMRMgM$#kbK#
######################Y+3# ZKk#M$R$g$RR$R5RR$$$M$Rg#kbK#
&2*.#@DA#=-*###`l# ZKk#$gMM$MMgg5gM$MMMg$$#kbK#
######################Y+3# ZKk#MMR$$$M$R*RR$$M$$RM#kbKE#
k482=+8,# 1.=4)+=+0*582# 52# ,2*2# M^kO@OA# +# %Y%# :5)?# ,2*+# 4.8*50*2# )5# =-*562.0+# @207215*5# 20#
1585**+8+#=20-,1.).#0+))5#,+<-+065#,.**.#824.8*5*5AL#
&2*.#M^kO@OA#=-*#######`lL#
ZKkRR$RR$Rg$MR$$g$$$M$$$$15MR$51g$RgM$$$gg$MM$$$gM$RRkbK#
###################################Y+3L#
ZKkggM$RMMM$$MRRMMM$RgMR>*Mg$*>MMMM$MMMRMMg$MRgMggMggkbK#
&2*.#|#%Y%#=-*########`lL#
ZKk$$M$$$$$RMR$$Mg$RgM$$$gg$MM$$$gM$55$gM$MMgMRggkbK#
###################################Y+3L#
# ZZ
ZKkRMgMRRMRRg$R$$M$RM**M$RMMM$$MRRMMM$RgMR$MMg$gMMMMM$MMkbK#
m#,*5*5#<-2072#+??+**-5*5#-05#8+562.0+#72#^gYL#ZkTZ#0>#72#_JMB#UTEZ#0>#72#482=+8#`l#+#Y+3B#
OEZ#})#72#7J$^,#OH#=PB#OETZ#'#72#+062=5#@#^`'#*-8D.A#TK#5#GZ{g;#OU#121)2L#bH]#5#GZ{gB#OK#
5))5# *+=4+85*-85# 72# =+)*20># @1:+# 5# ,+1.075# 7+))5# 1.4425# 72# 482=+8,# -*2)2665*2# 35825# *85# eUk
ea{gAB#UK#5#WT{g;#OHK#5#WT{gE#
!#48.7.**2#72#^gY#,.0.#,*5*2#72>+82*2#1.0#Z#'#7+))K+062=5#72#8+,*8262.0+#_40!#4+8#-0#20*+835)).#
72#*+=4.#35825D2)+#*85#Oke#:#5#bW{#gB#5)#?20+#72#7+>85758+#2)#_JM#458+0*5)+E#"5#48+,+065#7+))+#
=-*562.02#/#*+,*5*5#*85=2*+#.44.8*-0.#*5>)2.#+062=5*21.#0+)#4-0*.#72#=-*562.0+E#
#
Altri Costrutti 
R)2#5)*82#1.,*8-**2#-*2)2665*2#0+>)2#+,4+82=+0*2#,.0.#,*5*2L#
k4J`M$k$Mk"-12?+85,+#4)5,=27#@g).0*+1:AB#
k# 4R"Tkp!$kb%Y%# )-12?+85,+# 8+4.8*+8# 4)5,=27# @?.802*.12# 75)# ^8.?E# _.05)7# ^E# P1_.00+))#
7+))K'023+8,2*9#_-d+#72#_-8:5=B#J.8*:#g58.)205B#'&MAB#
k4R"TkD5,21#@^8.=+>5AB#
k4g_JMbkY-0NT# @3+**.8+# 72# +,48+,,2.0+# 4+8# Y-0NTA# 48.3+02+0*+# 75))KS.l587# S->:+,#
P+7215)# !0,*2*-*+B# _+458*=+0*# .?# P.)+1-)58# 507# S-=50# R+0+*21,B# [5V).8# g.))+>+# .?#
P+72120+B#S.-,*.0B#$vB#
k#4&RZ#S%(#@3+**.8+#72# +,48+,,2.0+#4+8#%Y#AB#48.3+02+0*+#75))K!0,*2*-*#7+#R+0+*2<-+#+*#7+#
[2.).>2+#P.)+1-)528+#+*#g+))-)528+B#g+0*8+#J5*2.05)#7+#)5#Y+1:+81:+#&12+0*2?2<-+B#g.))+>+#7+#
`8501+B#'023+8,2*+#".-2,#^5,*+-8B#&*85,D.-8>B#`8501+##
k4gPpk&4.8*k!>5)# @3+**.8+# 72# +,48+,,2.0+# 4+8# )5# !k>5)5**.,275,+# -*2)2665*.# 4+8# 35)-*58+#
)K+??212+065#72#*85,?+62.0+#+#0.8=5)26658+#2#75*2#72#)-12?+85,2A#@!032*8.>+0AE#
#
Saggio di luciferasi 
# ZU
R)2#+,4+82=+0*2#72#*85,?+62.0+#*850,2+0*+#,.0.#1.=42-*2#,-#1+))-)+#1.)*235*+#20#4.66+**2#72#-05#
425,*85# 75# Te# 4.66+**2B# 4.8*5*+# 57# -05# 1.0?)-+065# 4582# 5# UHkWHI# +#=50*+0-*+# 20# *+88+0.# 72#
1.)*-85#4823.#7+))K207215*.8+#8.,,.#?+0.).#@^:+0.)#Y+7#`8++#%5>)+#P+72-=;#&2>=5#M)7821:B#&*E#
".-2,B#P(B#'&MA# 5# 1-2# 3+0>.0.# 577262.05*2L# ,2+8.# ?+*5)+# D.320.#`[&# 5)# OHI#7+48235*.# 72#
,.,*506+#+,*8.>+0.k,2=2)2#@`[&#1:581.5)k7+N*850A#4+8#Te#.8+E#
"+# 1+))-)+# ,.0.# *85,?+**5*+# @1.=+# ,4+12?215=+0*+# 207215*.# 0+2# Y2,-)*5*2A# 1.0# HBUoO# }># 72#
4)5,=27+# 4R"b# D5,21# .# 4R"b# 1.0*+0+0*+# 2# ?85==+0*2# 7+)# 48.=.*.8+# ,.485# 7+,182**2# .# 2#
1.,*8-**2# ,.485# =+062.05*2L# 4R"TkD5,21B# 4J`M$k$Mk"-12?+85,+# 4)5,=27B# 4R"Tkp2*kb%Y%#
)-12?+85,+#8+4.8*+8#4)5,=27#48+1+7+0*+=+0*+#1.=4)+,,5*2#1.0#"24.?+1*5=205#THHH#@!032*8.>+0B#
g58),D57B# gMA# *85=2*+# 201-D562.0+# 72# THK# 5# *+=4+85*-85# 5=D2+0*+E# "+# 1+))-)+# ,.0.#
1.*85,?+**5*+#1.0#HBOoHBTZ#$>#72#4)5,=27+#72#+,48+,,2.0+#7+))K+062=5#!k>5)5**.,275,2#@4gPpk
&4.8*k%!>5);# !032*8.>+0AB# 4+8# 35)-*58+# )K+??212+065# 72# *85,?+62.0+B# 1.0# HBTZ# }># 72# 3+**.8+# 72#
+,48+,,2.0+# 4)5,=2721.# 1.72?2150*+# 4+8# :%Y## @4&RZ#S%(AB# .#Y-0NT# @41_JMbkY-0NTAB# 20#
48+,+065#.# 20#5,,+065#72#OWk!k+,*8572.).#OHka#PE# !)#_JM#32+0+#=50*+0-*.#5#1.0*5**.#1.0# )+#
1+))-)+#4+8#Te#.8+E#&-11+,,235=+0*+#2)#*+88+0.#72#*85,?+62.0+#/#,.,*2*-2*.#1.0#*+88+0.#?8+,1.#20#
1.=D20562.0+#.#0.#1.0#)K+,*8572.).E#"+#1+))-)+#3+0>.0.#8511.)*+#7.4.#-)*+82.82#Te#.8+#+#)2,5*+#
-,507.#2)#D-??+8#72#)2,2#\g+))#g-)*-8+#"V,2,#Y+5>+0*#Ov]#@^8.=+>5AE#_.4.#-05#1+0*82?->5*5#72#
OZ#,+1.072#5#OTHHH#N#>#5# *+=4+85*-85#5=D2+0*+#4+8#+)2=2058+# )+#=+=D850+B# 2)# ,-4+805*50*+#
32+0+#8511.)*.#+#*85,?+82*.#20#-05#48.3+**5E#
"K5**232*9#72#)-12?+85,2#32+0+#)+**5#5)#)-=20.=+*8.#@$_#TH#)-=20.=+*+8A#5>>2-0>+07.#5#TH#})#
72#)2,5*.#1+))-)58+#ZH#})#72#,-D,*85*.#@"-12?+85,+#M,,5V#Y+5>+0*B#^8.=+>5AE#
"5# 1.01+0*8562.0+#48.*+215#7+2# 15=42.02# /# 35)-*5*5#=+7250*+# 2)#=+*.7.#[857?.87# @[857?.87#
Y+5>+0*# ?.8# ^8.*+20#_+*+8=205*2.0B# &!RPMAE# $-**2# 2# 35).82# 72# 5**232*9# )-12?+85,215# ,.0.# 4.2#
0.8=5)2665*2# 20#D5,+#5)#1.0*+0-*.#48.*+21.#+# 20#D5,+#5))K+??212+065#72# *85,?+62.0+#7+*+8=205*5#
=+**+07.# 5# 1.0*5**.# bH# })# 72# )2,5*.# 1+))-)58+# 1.0# TWH# })# 72# -05# ,.)-62.0+# 1.0*+0+0*+# 2)#
# ZW
,-D,*85*.# 7+))5# !k>5)5**.,275,2B# )K.k02*8.?+02)k!k_k>5)51*.42850.,27+E# !# 35).82# 0.8=5)2665*2# 72#
5**232*9#)-12?+85,215#,.0.#207215*2#1.=+#-02*9#8+)5*23+#72#)-12?+85,2E##
#
Silenziamento genico mediante Small Interfering RNA (siRNA) 
^+8#.**+0+8+#)5#=5>>2.8+#+??212+065#72#,2)+0625=+0*.#,.0.#,*5*+#48.35*+#*8+#723+8,+#1.442+#72#
.)2>.0-1)+.*272#,2)+06250*2#728+**2#3+8,.#)K=YJM#72#Y-0NT#72,+>05*+#+#,20*+*2665*+#75#M=D2.0E#
"5#1.4425#72#.)2>.0-1)+.*272#42Q#+??212+0*+#,2#/#72=.,*85*5#+,,+8+#)5#,+>-+0*+L#
.)2>.0-1)+.*27+#,+0,.############ZKkgRM'g'RMRM'''R'RRRg**kbK#
.)2>.0-1)+.*27+#50*2,+0,.######ZKkRgggMgMMM'g'gMRM'gR**kbKB#
+7#/#<-2072#,*5*5#-*2)2665*5#4+8#*-**2#>)2#+,4+82=+0*2#72#,2)+0625=+0*.#7+,182**2#0+)#4585>85?.#7+2#
Y2,-)*5*2E# '05# 1.4425# 72# .)2>.0-1)+.*272# &185=D)+# /# ,*5*5# -*2)2665*5# 1.=+# 1.0*8.)).# 7+))5#
,4+12?212*9#7+)#82,-)*5*.#.**+0-*.E#
"+#1+))-)+#&5(,kT#,.0.#,+=205*+#,-#4.66+**2#72#-05#425,*85#75#Te#4.66+**2#0+)#0-=+8.#72#OvOHZ#
1+))-)+#4+8#4.66+**.#20#*+88+0.#"P%P#577262.05*.#7+)#OHI#72#,2+8.#?+*5)+#D.320.#`[&E#_.4.#
Te#.8+#2)#*+88+0.#72#1.)*-85#32+0+#82=.,,.B#)+#1+))-)+#)535*+#1.0#^[&B#+#,.,*2*-2*.#1.0#*+88+0.#72#
1.)*-85# ^:+0.)# Y+7# `8++# %5>)+# P+72-=# 577262.05*.# 72# ,2+8.# ?+*5)+# D.320.# `[&# 5)# OHI#
7+48235*.# 72# ,.,*506+# +,*8.>+0.k,2=2)2# @`[&# 1:581.5)k7+N*850AE# "+# 1+))-)+# 3+0>.0.# <-2072#
*85,?+**5*+#7-+#3.)*+#57#20*+835))2#72#ea#.8+#1.0#>)2#.)2>.0-1)+.*272#,2)+06250*2#@OZH#=PA#1.0*8.#
Y-0NkT# .# &185=D)+# 48+1+7+0*+=+0*+# 1.=4)+,,5*2# 1.0# "24.?+1*5=20+# THHHE# "+# *85,?+62.02#
,.0.# ,*5*+# +??+**-5*+# 501:+# 20,2+=+#52#3+**.82#48+1+7+0*+=+0*+#7+,182**2# ,+1.07.# )+#=.75)2*9#
7+,182**+#0+))5#,+62.0+#Saggi di LuciferasiE#GU#.8+#7.4.#)+#*85,?+62.02#)+#1+))-)+#,.0.#8511.)*+#
,+1.07.# 2# 48.*.1.))2# ,.485# 7+,182**2# 4+8# 35)-*58+# )K+,48+,,2.0+# 72# =+,,5>>+8.# +# 48.*+205B#
)K5**232*9#)-2?+85,215#1.=+#7+,182**.#20#7+**5>)2.#0+)#4585>85?.#7+2#Y2,-)*5*2E##
#
Esperimenti di decoy 
# Za
J+>)2# +,4+82=+0*2# 72# 7+1.V# ,.0.# ,*5*2# -*2)2665*2# 7-+# .)2>.0-1)+.*272# 5# _JM# 5# 7.442.#
?2)5=+0*.L#YMekbK#+7#J`M$E##
YMekbK#/#-0#.)2>.0-1)+.*27+#)5#1-2#,+<-+065#54458*2+0+#5)#48.=.*.8+#g#7+)#>+0+#:%Y##+7#/#
).15)2665*5# 5# kbOWUokbOZW# D5,2# 75)# ,2*.# 7K20262.# 7+))5# *85,18262.0+# @ZKk
MR$gMR$M$$RMMMM$MMM$kbKAE##
J`M$#/#-0#.)2>.0-1)+.*27+#)5#1-2#,+<-+065#54458*2+0+#5)#48.=.*.8+#7+)#>+0+#-=50.#7+))K!"kT#
@20*+8)+-1:205kTA# # @ZKkRRMRRMMMMMg$R$$$gM$MgMRMMRRgR$kbKA# +# 1.0*2+0+# -0#
,2*.#72#)+>5=+#4+8#J`M$1OE#
R)2# .)2>.0-1)+.*272# \7+1.V]# ,.0.# ,*5*2# 48+4585*2# 4+8# )5# *85,?+62.0+# 8+07+07.)2# 5# 7.442.#
?2)5=+0*.#@7,#\7.-D)+#,*8507]AE#M#*5)+#,1.4.#,.0.#,*5*2#-02*2#0+))5#,*+,,5#48.3+**5#+44+07.8?#)+#
,+<-+06+# ?.8l587# +# 8+3+8,+# 4+8# T# =20-*2# 5# GZ{gB# )5,12507.)+# <-2072# 4+8# OH# =20-*2# 5#
*+=4+85*-85# 5=D2+0*+# 4+8# ?53.828+# )K500+5)20>E# "+# 1.)*-8+# ,.0.# ,*5*+# *85,?+**5*+# 1.0# O$>o=)#
7+>)2# # .)2>.0-1)+.*272# 7+1.V#YMekbK# +7#J`M$# 48+1+7+0*+=+0*+# 1.=4)+,,5*2# 4+8# TH#=20-*2#
1.0#)24.?+1*5=205#@)24.?+1*5=20+$P#THHHB#!032*8.>+0BA;#2)#_JM#/#,*5*.#=50*+0-*.#5#1.0*5**.#
1.0#)+#1+))-)+#4+8#Te#.8+B#5)#*+8=20+#7+))+#<-5)2#)+#1+))-)+#,.0.#,*5*+#,.**.4.,*+#5#)535>>2.#1.0#
^[&#OvB#=50*+0-*+# 20# 1.)*-85# 4+8# -)*+82.82# Te# .8+# +# ,-11+,,235=+0*+# 505)2665*+E#"+# 1+))-)+#
,.0.#8511.)*+#,+1.07.#2#48.*.1.))2#,4+12?212#4+8#.>02#*24.#72#35)-*562.0+E##
#
EMSA (Electrophoretic mobility shift assay)  
!)# ,5>>2.# %P&M# /# -05# *+10215# 1:+# 1.0,+0*+# 72# 27+0*2?2158+# )+# 20*+8562.02# _JMo48.*+205B#
,?8-**507.#)K+??+**.#1:+#:5#2)#)+>5=+#72#-05#.#42Q#48.*+20+#,-))5#=2>8562.0+#7+))+#=.)+1.)+#72#
_JM#,.>>+**+#5))K562.0+#72#-0#15=4.#+)+**821.L#2)#)+>5=+#7+))+#48.*+20+#827-1+#)5#=.D2)2*9#7+)#
?85==+0*.# 72# _JMB# 15-,507.# -0# 85))+0*5=+0*.# 0+))5# 4.,262.0+# 72# -0# ?85==+0*.#
8572.=5815*.E#
"K+=2+)215# ZKkbK# 7+))K.)2>.0-1)+.*27+# 32+0+# 48+1+7+0*+=+0*+# =5815*5# 1.0# $bT^# M$^# +# $e#
4.)20-1)+.*27+#1:205,2#@Y.1:+A#4+8#O:#+#bHK#5#bW{#gB#)5#7.4425#+)215#821.,*2*-2*5#5>>2-0>+07.#
# ZG
)K+=2+)215# bKkZK# 4+8# T:# 5# *+=4+85*-85# 5=D2+0*+# +# )K.)2>.0-1)+.*27+# =5815*.# 32+0+# <-2072#
,.**.4.,*.#5))5#,+458562.0+#18.=5*.>85?215#,-#1.).00205#&+4:57+N#RkZHE#
OH#}>#72#+,*85**2#0-1)+582#7+))+#1+))-)+#20#+,5=+#3+0>.0.#201-D5*2#4+8#OZ#=20-*2#5#*+=4+85*-85#
5=D2+0*+#82,4+**235=+0*+#1.0#-0#+11+,,.#=.)58+#?20.#5#OHHoTHH#3.)*+#@7.3+#207215*.#0-))5#72#
,4+12?21.A# +# TZkB# ZHkB# OHHkB# TZH# 3.)*+# @7.3+# 207215*.A# 72# 1.=4+*2*.82# 0.0# =5815*2#
@.)2>.0-1)+.*27+# ,4+12?21.# +# .)2>.0-1)+.*27+# 0.0# 1.88+)5*.A# +B# )577.3+# 207215*.# 0+>)2#
+,4+82=+0*2#72#\,-4+8,:2?*]B#1.0#e#$>#72#50*21.84.#,4+12?21.#1.0*8.#Y-0NTB#%Y"#B#1kc-0B#1k?.,B#
M$`kTB#`85kT#@&50*5 g8-6#[2.*+1:0.).>VA#+#1.0#TeH#0>#72#48.*+205#821.=D2050*+#%Y"#+#bHH#
0># 72# 48.*+20+# 821.=D2050*2# 1kc-0B# 1k?.,B# M$`kTE# @&50*5 g8-6# [2.*+1:0.).>VAE#
&-11+,,235=+0*+# 3+0>.0.# 5>>2-0*2# 12815# T# 0># 72# .)2>.0-1)+.*27+# ,4+12?21.#=5815*.# @OHHHH#
14=AB#+# )5# 8+562.0+#/#1.07.**5#4+8#bHK#5# *+=4+85*-85#5=D2+0*+B# 20#48+,+065#72#OH#=P#$82,k
Sg)#4S#WBZB#OH#=P#P>g)TB#TH#=P#fg)B#OH#=P#_$$B#Z#=P#%_$MB#HBHOI#$82*.0#vkOHHB#
HBZI# >)21+8.).B# 577262.05*.# 72# O# }># 72# 4.)V# @7!k7gAk@7!k7gA# @^:58=5125# g.84.85*2.0B# J+l#
h+8,+V#'E&EMEAE#
!# 1.=4)+,,2# _JMk48.*+20+# 3+0>.0.# <-2072# ,+4585*2# 75)# _JM# 0.0# )+>5*.# =+7250*+#
+)+**8.?.8+,2# ,-#>+)#72#4.)25182)5=27+#0.0#7+05*-850*+#5)#UIB# 20# *5=4.0+#$[%#HBTZ#v#@$82,k
[.85*.# %_$MA# +# ,.**.4.,*.# 4+8# T:# 5# OZHpE# !)# >+)# 32+0+# 4.2# +,,2115*.# +7# +,4.,*.# 5# )5,*85#
5-*.8572.>85?215#5#u#aH{gE#
 
Saggio di immunoprecipitazione della cromatina (ChIP). 
"+# 1+))-)+# ,.0.# 754482=5# ?2,,5*+# 1.0# OI# 72# ?.8=5)7+27+# 4+8# OHK# 5# bW{gB# 4+8# ?2,,58+# )+#
20*+8562.02#48.*+205k48.*+205#+#48.*+205k_JME#"+#1+))-)+#3+0>.0.#4.2#)535*+#1.0#^[&#?8+77.B#
^:.,4:5*+kD-??+8+7#,5)20+# @ObUEG#=P#J5g)B#TEUa#=P#fg)B#OHEOb#=P#J5TS^(eB#OEWU#=P#
fST^(eA# 1.0*+0+0*+# >)2# 202D2*.82# 7+))+# 48.*+5,2# @M%&[`# OHe# =PB# M48.*205# HEHa# =PB#
"+-4+4*205#T#=PB#[+,*5*205#e#=PB#^+4,*5*205#M#OEZ#=PB#%kUe#OEe#=P;#48.*+5,+# 20:2D2*.8#
1.1d*52)B#&2>=5A#+B#20?20+B#82,.,4+,+#20#THH#})#72#\&_&#)V,2,#D-??+8]#@OI#&_&B#OH#=P#%_$MB#
# UH
ZH#=P#$82,B#4S#aEOA#4+8#OHK#20#>:25112.E#!#15=42.02#3+0>.0.#,.0215*2#20#=.7.#75#827-88+#2)#
_JM# 20# ?85==+0*2# 53+0*2# -05# )-0>:+665# 1.=48+,5# *85# HEUkO# fDE# &-11+,,235=+0*+# +,,2#
3+0>.0.#72)-2*2#20#-0#*5=4.0+#72#72)-262.0+B#g:!^#_2)-2*2.0#[-??+8#@HEHOI#&_&B#OEOI#$82*.0#
vkOHHB# OET# =P# %_$MB# OUEW# =P# $82,kSg)# 4S# aEOB# OUW# =P# J5g)AB# 1.0# )K5>>2-0*5# 7+>)2#
20D2*.82#7+))+#48.*+5,2#+#72#aH#%)#72#~_JMk1.5*+7#48.*+20#Mk5>58.,+~B#D2>)2+#72#5>58.,.#)+>5*+#
5))5#48.*+205#M#@?.802*+#75)#g:8.=5*20#!==-0.48+1242*5*2.0#@g:!^A#M,,5V#f2*B#'4,*5*+AB#4+8#
827-88+# )5#<-50*2*9#72# 20*+8562.02#5,4+12?21:+#1:+#,2#4.,,.0.#18+58+E# !)# ,-805*50*+# 8+1-4+85*.B#
32+0+#?5**.#2==-0.48+1242*58+#728+**5=+0*+#1.0#Z#%>#72#50*21.84.#1.0*8.#Y-0NT#@&50*5#g8-6B#
g5A#.#1.0#e#%>#72#50*21.84.#1.0*8.#$`!![#@M1*23+#P.*2?K,#g:!^k!$$P#f2*AB#Z#$>#72#50*21.84.#
1.0*8.#%Y"B#1kc-0B#1k?.,B#M$`kTB#`85kT#@&50*5#g8-6B#g5A#.#Z#$>#72#50*21.84.#1.0*8.#J`M$1O#
@&50*5#g8-6B#g5A#4+8#OU#:#5#e{gE#"K2==-0.1.=4)+,,.#32+0+# 201-D5*.#1.0#aH#%)# 72# ~_JMk
1.5*+7#48.*+20#Mk5>58.,+~#4+8#-0K.85#5#e{g#4+8# 2,.)58+#2#1.=4)+,,2#50*21.84.k48.*+205#1:+#,2#
,.0.# ?.8=5*2E#"+#D+57,#3+0>.0.#4.2# 8511.)*+#+#,.**.4.,*+#5# *8+o120<-+# )535>>2#1.0#O#=)#7+2#
,+>-+0*2# D-??+8L# ).l# ,5)*#l5,:# D-??+8# @HEOI#&_&B# OI#$82*.0#vkOHHB# T=P#%_$MB# TH#=P#
$82,kSg)#4S#aEOB#OZH#=P#J5g)AB#:2>:*#,5)*#l5,:#D-??+8#@HEOI#&_&B#OI#$82*.0#vkOHHB#T=P#
%_$MB# TH=P# $82,kSg)# 4S# aEOB# ZHH# =P# J5g)AB# "2g)# l5,:# D-??+8# @HETZ# =P# "2g)B# OI#
!R%^M"kgMUbHB#OI#7+.NV1:.)21#5127B#O#=P#%_$MB#OH#=P#*82,#4S#aEOA#+#$%#D-??+8# @OH#
=P# $82,kSg)B# O# =P# %_$MB# 4S# aEHAE# ^+8# 4.*+8# +??+**-58+# )K505)2,2# 72# ^gYB#
)K2==-0.1.=4)+,,.#32+0+#+)-2*.#7-+#3.)*+#1.0#TZH#%)#72#-05#,.)-62.0+#?8+,15#1.,*2*-2*5#75#OI#
&_&# +# HEO# P# J5Sg(bB# 20# =.7.# 75# ,+45858+# 2# 1.=4)+,,2# 48.*+205k_JM# 75))+# D+57,E# !#
1.=4)+,,2# 1.,t# +)-2*2B# ,.0.# 201-D5*2# 5# UZ{g# 4+8# e# .8+B# 4+8# 4+8=+**+8+# )5# 8+3+8,2.0+# 7+2#
\18.,,)20d,]#48.7.**2#75))5#?.8=5)7+27+E#!0.)*8+B#2#15=42.02#3+0>.0.#201-D5*2#1.0#48.*+205,2#f#
@OH#=>o=)A#5#eT{1#4+8#-0K.85B#20#=.7.#75#72>+828+#)+#48.*+20+E#
J+)# 15,.# 7+>)2# +,4+82=+0*2# 8+)5*232# 5# Y-0NT# +#J`M$1OB# 2)# _JM# 32+0+# 4-82?215*.#=+7250*+#
+,*8562.0+#?+0.).k1).8.?.8=2.#+#8511.)*.#=+7250*+#48+1242*562.0+#+*50.)215B#-,507.#O#%)#72#TH#
=>o=)#72#>)21.>+0.#1.=+#\15882+8]#+B#20?20+B#32+0+#82,.,4+,.#20#51<-5#,*+82)+E##
# UO
J+)#75,.#7+>)2#+,4+82=+0*2#8+)5*232#57#%Y##+#M^kOB#2)#_JM#32+0+#4-82?215*.#=+7250*+#,2,*+=5#
72#1.).0020+#F25<-21d#P20%)-*+#&420#g.)-=0,#@F!MR%JB#!01B#R+8=50*.l0B#P_B#'&MAE#
^+8#+,+>-28+#)K505)2,2#=+7250*+#^gYB#32+0+#*+0-*5#75#458*+#-0K5)2<-.*5#72#18.=5*205#1:+#0.0#/#
,*5*5#2==-0.48+1242*5*5B#1.=+#1.0*8.)).#4.,2*23.#@!04-*AE##
(>02# 8+562.0+# 72# ^gY#32+0+# +,+>-2*5# -,507.# ToOH#%)# 7+))5# ?8562.0+# 72#_JM# )+>5*.# @D.-07#
_JMA#+#OoT#%)#72#!04-*E#"5#^gY#,2#,32)-445#0+))+#,+>-+0*2#?5,2L#48+201-D562.0+#5#GZ{g#4+8#OH#
=20B#bH#121)2#72#7+05*-8562.0+#72#O#=20#5#GZ{gB#O#=20#5))5#*+=4+85*-85#.**2=5)+#72#500+5)20>#
4+8#.>02#1.4425#72#482=+8#+#O#=20#5#WT{gB#1.0#-0K201-D562.0+# ?205)+#5#WT{g#4+8#Z#=20E#&+#
0+1+,,582.#-0K-)*+82.8+#8+562.0+#72#^gY#32+0+#+,+>-2*5#4+8#32,-5)26658+#)K5=4)2?215*.#,-#>+)#72#
5>58.,2.#5))KOBZIE#
^+8#7+*+8=2058+#)K5,,.12562.0+L##
k# 72# Y-0NT# 5)# 48.=.*.8+# `# ,2# -*2)2665# )5# 1.4425# 72# 482=+8,L# `l# @ZKk
gMMRRg$$R$MRMRMMRMMMkbKA# +# Y+3# @ZKk$gg$RgMRgMM$$$$$MMR$kbKA# @0*k
OOWWOU#+#uOOWGTUAB#
k#72#$`!![#5)#48.=.*.8+#7+)#>+0+#RM^_S#,2#-*2)2665# )5#1.4425#72#482=+8,L#RM^_S#?l#@ZKk
$Mg$MRgRR$$$$MgRRRgRkbKA# +# RM^_S# 8+3# @ZKk
$gRMMgMRRMRRMRgMRMRMRgRMkbKAB#
k# 72# %Y#B# M^kO# +# J`M$1O# 5)# 48.=.*.8+# `# ,2# -*2)2665# )5# 1.4425# 72# 482=+8,L# `l# @ZKk
$RMRM$$$$ggMM$gg$MR$kbKA# +# Y+3# @ZKkMg$R$g$$g$$M$Rg$MRMMkbKA# @0*k
OOWTZe#+#uOOWHeHAE#
J+>)2# +,4+82=+0*2# 72# 8+kg:!^# 2)# 1.=4)+,,.# +)-2*.# 7.4.# )K2==-0.48+1242*562.0+# 1.0#
)K50*21.84.# ,4+12?21.# 32+0+# 201-D5*.# 1.0# -05# ,.)-62.0+# 1.0*+0+0*+# OH# =P#_$$# 4+8# bHK# 5#
bW{g;#<-2072# 2)# ,-805*50*+#32+0+#72)-*.#OLeH# 1.0# 2)# 8+kg:!^# D-??+8# @OI#$82*.0vkOHHB#T#=P#
%_$MB# OZH# =P# J5g)B# TH# =P# $82,kSg)B# 4S# aEOA# +# ,.**.4.,*.# 57# -05# ,+1.075#
2==-0.48+1242*562.0+#1.0#72??+8+0*2#50*21.842E#
# UT
k# 72# J`M$1O# +7# %Y## 5)# 48.=.*.8+# g# ,2# -*2)2665# )5# 1.4425# 72# 482=+8,L# `l# @ZKk
Mg$RR$g$MRMRgM$RRR$RRkbKA# +# Y+3# @ZKkggMR$M$$RgMR$R$$$RMRgMkbKA#
@0*kbTWW#+#ubOOWAE#
k#g.=+#1.0*8.)).#7+))5# ,4+12?212*9#7+))+# 20*+8562.02#72#J`M$1O#+7#%Y## 5)#48.=.*.8+#`#+#5)#
48.=.*.8+#g#,2#-*2)2665# )5#1.4425#72#482=+8,L#`l#@ZKkRMR$$R$Rgg$RRMR$RM$RkbKA#+#
Y+3# @ZKkRRRgg$ggMMg$$$MMR$Mg$RkbKAB# 2# <-5)2# 5=4)2?2150.# -05# 8+>2.0+# 7+)#
48.=.*.8+#M#7+)#>+0+#72#%Y##@0*k#OTG#+#uGAE#
#
Analisi dell’apoptosi 
^+8# )K505)2,2# 7+))K54.4*.,2# /# ,*5*.# -*2)2665*.# 2)# \_+57%07##g.).82=+*821# $'J%"# &V,*+=]#
@^8.=+>5A#1:+#=2,-85#2)#>857.#72#?85==+0*562.0+#7+)#_JME#
"+#1+))-)+#1.)*235*+#,-#3+*8202B#20#,+>-2*.#5#*85**5=+0*.#7+1.V#4+8#,+2#>2.802B#,.0.#,*5*+#?2,,5*+#
1.0#-0K201-D562.0+#5#*+=4+85*-85#5=D2+0*+#4+8#TZ#=20-*2#20#-05#,.)-62.0+#1.0*+0+0*+#2)#eI#
72#4585?.8=5)7+27+#@20#^[&#OvAE#F-2072B#7.4.#-0#)535>>2.#20#^[&#OvB#)+#1+))-)+#,.0.#,*5*+#
4+8=+5D2)2665*+#1.0#-05#,.)-62.0+#HETI#72#$82*.0#vkOHH#@20#^[&#OvAE#%K#,*5*.#4.2#+??+**-5*.#
-0# *85**5=+0*.# 72# ZkOH# =20-*2# 20# OHH# $)# 72# %<-2)2D85*2.0# [-??+8# @THH# =P# 151.72)5*.# 72#
4.*5,,2.#4S#UEU;#TZ#=P#$82,#Sg)#4S#UEU;#HET#=P#_$$B#HETZ#=>o=)#[&MB#TEZ=P#1).8-8.#72#
1.D5)*.AE#".#,*85*.#72#1+))-)+#/#,*5*.#<-2072#821.4+8*.#1.0#)5#\$7$#Y+51*2.0#P2N]#1.0*+0+0*+#
)K+062=5#\$+8=205)k7+.NV0-1)+.*27V)k*850,?+85,+]# @$7$AB# 20#.44.8*-0.#D-??+8# @%<-2)2D85*2.0#
[-??+8AB# 20#48+,+065#72#[2.*20V)5*+7#J-1)+.*27+#P2NE#"5# 8+562.0+#/#533+0-*5#5#bW{g#4+8#UH#
=20-*2B#20#-05#15=+85#-=275E#"5#8+562.0+#/#,*5*5#D).115*5#2==+8>+07.#2)#3+*820.#20#&&g#Tv#
@HBb#P#J5g)B#HEHb#P#,.72.#12*85*.A#4+8#OZ#=20-*2#5#*+=4+85*-85#5=D2+0*+E#&-11+,,235=+0*+B#2)#
3+*820.#/#,*5*.#4.,*.#20#4+8.,,27.#72#278.>+0.#HEbI#4+8#bkZ#=20-*2#5#*+=4+85*-85#5=D2+0*+B#4+8#
D).1158+# )+# 4+8.,,275,2# +07.>+0+# 1:+# 4.*8+DD+8.# ?5),58+# 2# 82,-)*5*2# ,4+82=+0*5)2E# "+# 1+))-)+#
,.0.#,*5*+#<-2072#821.4+8*+#1.0#OHH#$)#72#\&*8+4*532720kSY^]#,.)-*2.0#@O#$>o=)A#+#)5,125*+#4+8#
bH#=20-*2#5#*+=4+85*-85#5=D2+0*+E#!0?20+B#2)#3+*820.#/#,*5*.#4.,*.#20#1.0*5**.#1.0#)5#,.)-62.0+#
# Ub
18.=.>+0215#725=20.D+0627205#@_M[A#@_M[#,-D,*85*.#Ov#[-??+8#+#_M[#18.=.>+0.#OvB#20#
ST(T#OvA#?20.#5)#85>>2-0>2=+0*.#7+))K20*+0,2*9#72#1.).8562.0+#7+,27+85*5#@=588.0+#,1-8.AE#"5#
8+562.0+# /# ,*5*5# D).115*5# 2==+8>+07.# 2# 3+*8202# 20# 51<-5E# !)# 3+*820.# 4-X# +,,+8+# 5))+,*2*.# 20#
>)21+8.).L$[&#GLO#7.4.#)K+3+0*-5)+#1.0*8.1.).8562.0+#1.0#+=5*.,,2)205#51275#@D)-#,1-8.AE#
"5#=2,-8562.0+#7+2# )23+))2#72#54.4*.,2#5332+0+#15)1.)507.#)5#4+81+0*-5)+#72#0-1)+2#54.4*.*212#
@0-1)+2# =588.0+# ,1-8.A# 1.0*8.# 2)# 0-=+8.# 72# 0-1)+2# *.*5)+# 72# 1+))-)+# 35)-*5*+# 20# +,4+82=+0*2#
20724+07+0*2E#
#
Mineralizzazione 
^+8# 35)-*58+# )5# ?.8=562.0+# 72# 0.7-)2# 72# =20+85)266562.0+B# )+# 1.)*-8+# 72# .,*+.D)5,*2# -=502#
482=582#,.0.#=50*+0-*+#20#*+88+0.#72#1.)*-85#.,*+.>+021.#@"P%P#577262.05*.#72L#,2+8.#?+*5)+#
D.320.# `[&# 5)# OHIB# ZH# $>o="# M127.# M,1.8D21.B# OH=P# !k>)21+8.?.,?5*.# +# OHH0P#
_+N5=+*5,.0+AE# M)# *+8=20+# 7+)# *85**5=+0*.# 7+1.V# +# 1+))-)+# 3+0>.0.# ?2,,5*+# 4+8# O# .85# 1.0#
+*50.).# WHI# +# )535*+# 1.0# ^[&# Ov;# ,-11+,,235=+0*+# 32+0+# 5>>2-0*5# -05# ,.)-62.0+# eH=P#
\M)265820#Y+7#&.)-*2.0]#@4S#eBOkeBbA#4+8#OZK#5#*+=4+85*-85#5=D2+0*+E#"+#1+))-)+#3+0>.0.#4.2#
)535*+# 4+8# 120<-+# 3.)*+# 1.0# 51<-5# 72,*2))5*5# +# 201-D5*+# 20# ^[&# Ov# 4+8# OZKB# )5# 48+,+065# 72#
0.7-)2# 72#=20+85)266562.0+# /# +327+0625*5# 75))K20*+0,5# 1.).8562.0+# 8.,,5E#"+# 425,*8+# 3+0>.0.#
5,12->5*+#5))K5825#+#.,,+835*+#5)#=218.,1.42.#72#"+2*6E#
#
Analisi statistica 
!#75*2# ,.0.#,*5*2#=.,*85*2# 1.=+# )5#=+725#42Q#.#=+0.#&%P#@%88.8+#&*507587#7+))5#=+725A#72#
5)=+0.# *8+# +,4+82=+0*2# 20724+07+0*2E# "K505)2,2# ,*5*2,*215# /# ,*5*5# +,+>-2*5# 5**853+8,.# )K505)2,2#
7+))5#35825065#5#~-05#1.75~#,+>-2*5#75)#*+,*#*#72#&*-7+0*E##
'0#35).8+#72#^##HEHZ#/#,*5*.#1.0,27+85*.#,*5*2,*215=+0*+#,2>02?215*23.E#
#
#
# Ue
RISULTATI 
 
OE MJM"!&!#[!(!J`(YPM$!gM#_%"#^Y(P($(Y%#`#_!#%Y##
TE _%&gY!j!(J%#_%"#P(_%"(#g%""'"MY%#&5(&kT##
TEOE MJM"!&!#_%""K%&^Y%&&!(J%#_%""%#^Y($%!J%#%Y#B#Y'JvTB#M^kO#%#J`M$1O#
bE MJM"!&!#`'Jj!(JM"%#_%"#^Y(P($(Y%#`#
eE !"#Y'("(#_%""%#^Y($%!J%#%Y#B#Y'JvTB#M^kO#%#J`M$1O#J%"#^Y(P($(Y%#`#_%"#
R%J%#_!#%Y##
eEOE Y'JvT#
eEOEOE MJM"!&!#IN VIVO#_%""K!J$%YMj!(J%#_!#Y'JvT#M"#^Y(P($(Y%#`#
eEOETE MJM"!&!#IN VITRO#_%""K!J$%YMj!(J%#_!#Y'JvT#M"#^Y(P($(Y%#`#
eEOEbE "K%``%$$(#_%"#&!"%Jj!MP%J$(#_!#Y'JvT##
eEOEeE pM"'$Mj!(J%# _%""K%&^Y%&&!(J%# %&(R%JM# _!# Y'JvT#
&'""KM$$!p!$MK#_%"#^Y(P($(Y%#`##
eEOEZE pM"'$Mj!(J%# _%"# Y'("(# `'Jj!(JM"%# _%!# &!$!# Y'JvT# P%_!MJ$%#
P'$MR%J%&!#&!$(k&^%g!`!gM#
eETE %Y##%#M^kO#
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-117884             tttaaagtac ctactgcata aaccacacca gacatgatga gatattaaaa
-117834  tgtcaatatt attaaaaatt tttaatatga ttttacagcc cctttgctac tttaaaatgt
-117774  ttatcttagt gttaaacaaa caatcaataa cctcataaac ttaaaaattg ctgcaggaaa
-117714  taccggacag tttatggaag gatcatatga cagaaggaag ggctgaagag tgtgagaagc
-117654  tagacctctg caggttaccg aagtcaagaa cctcattaat cggtaacaag aagtgcagag
-117594  cgggcttttg agtccatgcc tgagtaagaa agtcccaaaa aacactcaca gaagatattt
-117534  ccttgcccct gcttttagtt tagctgtagc taactttgga ttaacaaaat ttatgtgctg
-117474  aatgatgttt tatttttttt tccaactcca catgcctgtc tagacttcaa gctttattac
-117414  gaataaagag aaaatcggct ggatggcata aaaaatattt caggcagatt aacacatgat
-117354  ttacctcttc ttgaacatcc atcttaatgg aagtgctaag aaagttagat tcgggcctgg
-117294  cttggcaaaa gcaaggccac cccctcctct attttttcaa tgagattttc caatcctagt
-117234 caaatggtgg tgctagttct ttatttttga gttactgcat ttcctaattt catggtcata
-117174  acagcctcct gtctaccgac tcagaacgga ttttACCAAA ACTGAAAATG CAGGCTCCAT
-117114  GCTCAGAAGC TCTTTAACAG GCTCGAAAGG TCCATGCTCC TTTCTCCTGC CCATTCTATA
-117054  GCATAAGAAG ACAGTCTCTG AGTGATAATC TTCTCTTCAA
Figura 6. Rappresentazione della regione del promotore F analizzata in questa tesi. Nella parte alta è riportata
la schematizzazione della regione 5’ del gene ER!. Le frecce indicano i siti di inizio della trascrizione degli esoni
corrispondenti appartenenti alla regione 5’. In relazione al sito di inizio della trascrizione dell’esone F
(corrispondente a -117140 basi dal sito canonico di inizio della trascrizione collocato nell’esone 1) è stata
numerata la sequenza a monte. Le sequenze sottolineate corrispondono ai siti i legame per il fattore trascrizionale
indicato.
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Figura 7. Schema della localizzazione dei potenziali siti di legame per i fattori trascrizionali Runx2, ER!,
AP-1 e NFATc1 nel promotore F. Rappresentazione schematica della localizzazione di potenziali siti di legame
per alcuni fattori trascrizionali nella regione del promotore F tra -117,884 e -117,140 bp ( numerazione intesa dal
sito canonico di inizio della trascrizione (+1). L’analisi per la ricerca di siti per fattori trascrizionali, compiuta
impiegando il programma MatInspector V2.2 TRANSFAC 4.0, ha rilevato la presenza di tre siti per Runx2, due
dei quali presentano una base di mismatch (85% di omologia rispetto alla sequenza consensus), molti siti AP-1
(70-86% di omologia) o 3 (60% di omologia) con 1-2 basi di mismatch rispetto alla sequenza consensus 5’-
TGAC/GTCA, un sito responsivo all’estrogeno nella forma di un mezzo sito ERE (5’-GGTCA-3’) coincidente
con un mezzo sito AP-1 (5’-GTCA-3’), sei siti per NFATc1, di cui solo uno presenta due basi di mismatch
rispetto agli altri siti (85% di omologia), e un elemento simile alla TATA box. La lettera maiuscola F indica
l’esone F. Sono riportati tre disegni della stessa regione con l’unico scopo di rendere più semplice la lettura dei
simboli che identificano i vari siti di legame.
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Figura 8. Analisi immunocitochimica dell’espressione di ER! in cellule SaOS-2 MDA-MB-231 e
MCF7. Le immagini sono state ottenute al microscopio ottico con un ingrandimento 20X.
MCF7
72
"+#,*+,,+#1+))-)+#,.0.#,*5*+#,.**.4.,*5#5))K505)2,2#7+2#)23+))2#72#=YJM#4+8#%Y#E#P+7250*+#)K-,.#
72# 7-+# ,.07+# ,4+12?21:+# 1:+# 821.0.,1.0.#-05# 2)# *85,182**.# *.*5)+# @$.*5)+A# +# )K5)*85# @`.8=5#`A#
)K2,.?.8=5# `B# )KY$k^gY# <-50*2*5*235# :5# =+,,.# 20# +327+065# @?2>-85# GA# 1.=+B# 0+))+# 1+))-)+#
&5(&kTB# 2# )23+))2# 72# =YJM# 72# %Y"# *.*5)+# ,250.# 48+,,.11:/# ,.38544.02D2)2# 1.0# <-+))2#
7+))K2,.?.8=5#`E#F-+,*.# 207215# 1:+# 2)#=+,,5>>+8.#72#%Y"# /# 1.,*2*-2*.#48+35)+0*+=+0*+#75))K#
2,.?.8=5#`E#"+# 1+))-)+#P_MkP[kTbOB# +,,+07.#%Y"# 0+>5*23+B# 1.=+# 5**+,.B# 0.0# 48+,+0*50.#
)23+))2# 5448+665D2)2# 72#=YJM#4+8#%Y"B# 5)# 1.0*8582.# 7+))+# 1+))-)+#Pg`W# )+# <-5)2# 48+,+0*50.#
)23+))2#=.)*.#42Q#5)*2#72#=+,,5>>+8.#*.*5)+#82,4+**.#5))5#?.8=5#`E#
!0.)*8+#0+))+#1+))-)+#&5(&kT#1.)*235*+#20#48+,+065#72#OWk!k+,*8572.).#@s#%TAB#2#)23+))2#72#=YJM#
72#%Y##*.*5)+#,.0.#42Q#5)*2#82,4+**.#5#<-+))2#1:+#,2#82,1.0*850.#20#1+))-)+#1.)*235*+#20#5,,+065#@k#
%TA# 72# +,*8.>+0.E# F-+,*.# 72=.,*85# 1:+# <-+,*+# 1+))-)+# ,.0.# ,+0,2D2)2# 5))K+,*8572.).# +# 1:+# )5#
*85,18262.0+#72#%Y##/#20?)-+065*5#75))5#48+,+065#7+))K.8=.0+#+,*8.>+0.E#
#
#
 
 
 
 
 
 
 
 
 
 
 
 
# Wb
02
4
6
8
10
SaOS-2MDA-MB-231
Totale TotaleForma F Forma F
-E2 +E2
Totale
L
iv
el
li
 r
el
a
ti
v
i 
d
i 
es
p
re
ss
io
n
e 
d
i 
m
R
N
A
ER! mRNA
Figura 9. Analisi dell’espressione del gene ER! mediante RT-PCR quantitativa. Il cDNA
ottenuto dalle cellule SaOS-2, coltivate in presenza (+ E2) e in assenza (- E2) di 17-"-estradiolo
e il cDNA ottenuto dalle cellule MDA-MB-231 e MCF7 è stato sottoposto a RT-PCR
quantitativa per valutare i livelli di mRNA di ER! totale (Totale) e di isoforma F (Forma F). I
livelli di espressione sono stati normalizzati sulla base dell’espressione del gene di riferimento
GAPDH.
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Figura 10. Analisi mediante Western blot dei livelli proteici di ER!, di alcuni dei membri
della famiglia AP-1, di Runx2 e NFATc1 in cellule SaOS-2 coltivate in presenza di 17-"-
estradiolo. Dopo elettroforesi in SDS-PAGE è stato eseguito un trasferimento in PVDF e
ibridazione con gli anticorpi contro ER!, c-jun, c-fos, ATF-2, Fra-2, Runx2 e NFATc1. A lato
sono riportati i pesi molecolari delle proteine.
E.N. = Estratti Nucleari di cellule SaOS-2
E.C. = Estratti Cellulari di cellule SaOS-2.
55 KDaRunx2
NFATc1 92 KDa
76
b E# M$$!p!$MK#`'Jj!(JM"%#_%"#^Y(P($(Y%#`#
^+8#35)-*58+#)K5**232*9#7+)#48.=.*.8+#`#,.0.#,*5*2#+??+**-5*2#+,4+82=+0*2#72#*85,?+62.0+#*850,2+0*+#
20#1+))-)+#&5(&kT#+#Pg`kWE#"5#,+<-+065#1.=4)+*5#72#aUT#D4B#54458*+0+0*+#5)#48.=.*.8+#`#+#
1.=48+,5#*85#kOOWaae#+#kOOWHOe#D4B#/#,*5*5#1).05*5#0+)#3+**.8+#4R"b#[5,21#5#=.0*+#7+)#>+0+#
8+4.8*+8#4+8#)5#)-12?+85,2E#P+7250*+#7+)+62.02#48.>8+,,23+#7+))K+,*8+=2*9#ZK#7+))K20*+85#8+>2.0+#
48.=.*821+# 505)2665*5B# ,.0.# ,*5*2# >+0+85*2# 5)*82# *8+# 1.,*8-**2# 72# eOO# D4B# TWT# D4# +# OaH# D4#
82,4+**235=+0*+E#
!)#1.,*8-**.#eOO#D4#@kOOWeTUokOOWHOeA#4823.#7+))5#8+>2.0+#*85#kOOWaae#+#kOOWeTUB#=5015#7+2#
,2*2#Y-0NTB#1.0*2+0+#)5#,+<-+065#,2=2)+#5))5#$M$MkD.N#@$M$Mk)2d+#D.NAB#2)#=+66.#,2*.#%Y%B#
5)*82#4.*+0625)2#,2*2#72# )+>5=+#4+8# )+#48.*+20+#7+))5#?5=2>)25#M^kO#+#<-5**8.#7+2#,+2#4.*+0625)2#
,2*2#)+>5=+#4+8#J`M$1O;#2)#1.,*8-**.#TWT#D4#203+1+B#=5015#7+))5#$M$Mk)2d+#D.NB#72#7-+#,2*2#
M^kO#+#72#7-+#,2*2#J`M$1O;#2)#1.,*8-**.#72#OaH#D4#=50*2+0+#,.).#2)#=+66.#,2*.#%Y%B#-0#,2*.#
M^kO#+7#-0#,2*.#J`M$1O#@`2>-85#OOAE#m#,*5*.#>+0+85*.#501:+#-0#<-58*.#1.,*8-**.#7+0.=205*.#
eZO# @kOOWaae# +# kOOWeTUAE# F-+,*.# /# 4823.# 7+))5# 8+>2.0+# 48.,,2=5)+# @kOOWeTUokOOWHOeA# +#
=50*2+0+#2#*8+#,2*2#72#)+>5=+#4+8#Y-0NTB#=.)*2#7+2#,2*2#M^kO#+#7-+#,2*2#J`M$1OE#
#
"+# 1+))-)+# &5(&kT# ,.0.# ,*5*+# <-2072# *850,?+**5*+# 1.0# 2# ,20>.)2# 1.,*8-**2# 20# 48+,+065# @sA# +# 20#
5,,+065#@kA#72#+,*8572.).#@%TA#+#,.0.#,*5*+#4.2#505)2665*+#4+8#2)#)23+)).#72#5**232*9#)-12?+85,215E#
g.=+#82,-)*5#75)#>85?21.#824.8*5*.#20#?2>-85#OT#MB#)K20*+85#,+<-+065#505)2665*5#@1.,*8-**.#aUT#
D4A#=.,*85#-05#7+D.)+#=5#=2,-85D2)+#5**232*9#48.=.*821+#0+))+#1+))-)+#&5(&kTE#"5#=5>>2.8+#
5**232*9# )-12?+85,215# /# 48+,+0*5*5# 75)# 1.,*8-**.# eOO# D4E# $-**2# >)2# 5)*82# 1.,*8-**2# 48+,+0*50.B#
203+1+B#-0#?.8*+#15).#7+))K5**232*9#)-12?+85,215E#!0#*-**2# 2#15,2B#4+8XB#)5#48+,+065#7+))K+,*8572.).#
?53.82,1+#-0#2018+=+0*.#@aUTB#eOOA#.#-05#8248+,5#@TWTB#eZOA#7+))K5**232*9#7+)#48.=.*.8+E#&.).#
2)# 1.,*8-**.# OaH# D4# 0.0# 82,4.07+# 5))K+,*8572.).L# ,+=D85# 1:+# )5# 4+872*5# 7+)# ,2*.#M^kO# @OA# ,25#
8+,4.0,5D2)+#72#<-+,*.#1.=4.8*5=+0*.E#F-+,*+#20721562.02#,->>+82,1.0.#1:+#)K+)+=+0*.#M^kO#
# WW
@OA#4.,,5#+,,+8+# 2=4.8*50*+#4+8# )5# 8+,4.0,232*9#7+)#48.=.*.8+#5))K+,*8572.).#=+0*8+# 2)#=+66.#
,2*.#%Y%oM^kO#75#,.)2#0.0#,250.#,-??212+0*2E##
"+#1+))-)+#Pg`kW#@?2>-85#ObAB#1585**+82665*+#75#5)*2#)23+))2#7+))5#48.*+205#%Y##7+82350*+#75))5#
*85,18262.0+#,.**.#2)#1.0*8.)).#72#5)*82#48.=.*.82#0.0#=.,*850.#5**232*9#72#0+,,-0.#7+2#1.,*8-**2#
505)2665*2B#5#1.0?+8=5#7+))5#,4+12?212*9#7+))K+3+0*.#*85,1262.05)+E#M01:+#1+))-)+#%Y"#0+>5*23+#
P_MkP[kTbO#0.0#=.,*850.#5)1-05#5**232*9#)-12?+85,215#7.4.#*85,?+62.0+#7+2#,20>.)2#1.,*8-**2E#
#
_5>)2#+,4+82=+0*2#1.07.**2#4.,,.0.#+,,+8+#821535*+#)+#,+>-+0*2#20721562.02L#
" "K5**232*9# *85,18262.05)+# 7+)# 48.=.*.8+# `# /# =5,,2=5# 0+))5# 8+>2.0+# 1.=48+,5# *85# k
OOWeTU#+#kOOWHOe;#
" "5#8+>2.0+#kOOWeTUokOOWTaU#/#+,,+0625)+#4+8#,.,*+0+8+#)K5**232*9#7+)#48.=.*.8+B#1:+#/#
,21-85=+0*+#)+>5*5#5))5#48+,+065#7+))5#,+<-+065#$M$Mk)2d+;#
" J+))5#8+>2.0+#kOOWTaUoOOWHOe#,.0.#48+,+0*2#+)+=+0*2#?-062.05)2# 20#>857.#72#=+7258+#
)K562.0+# 7+))K+,*8.>+0.# 5**853+8,.# 501:+# -0# =+11502,=.# 72# 5-*.8+>.)562.0+# 1:+B#
4.*+0625)=+0*+B#4.*8+DD+#+,,+8+#+,+812*5*.#20#=.7.#728+**.#+o.#20728+**.B#=+7250*+#+0*85=D+#)+#
,+<-+06+#72#8+>.)562.0+#%Y%#+#M^kOE#
" J+))5# 8+>2.0+# 1.=48+,5# *85# kOOWaae# +# kOOWeTU# ,.0.# ,21-85=+0*+# 1.0*+0-*2# +)+=+0*2#
1:+#+,+812*50.#+??+**2#0+>5*232#,-))5#*85,18262.0+E#
#
F-+,*.#*24.#72#505)2,2#/#,*5*5#824+*-*5#501:+#,-#-0K5)*85#)20+5#72#.,*+.,581.=5B#)+#1+))-)+#PRUb#
+#501:+#20#1.)*-8+#482=582+#72#.,*+.D)5,*2#-=502#@:([A#.**+0-*+#*85=2*+#1.)*-85#72#?85==+0*2#
.,,+2# 48.3+02+0*2# 75# +,4250*2# 1:28-8>212E# '05# 4.4.)562.0+# 0.0# 1.=4)+*5=+0*+# .=.>+0+5# +#
57+8+0*+#,2#.82>205#,4.0*50+5=+0*+#7.4.#12815#*8+#,+**2=50+#72#1.)*-85#7+2#?85==+0*2E#g.=+#,2#
4-X#3+7+8+#752#82,-)*5*2#824.8*5*2#20#?2>-85#OT#[#501:+#20#<-+,*+#1+))-)+#2#1.,*8-**2#=.,*850.#)5#
=+7+,2=5#5**232*9# 82,1.0*85*5#0+))+#1+))-)+#&5(&kTE# !#75*2# 82?+82*2#5))+#1.)*-8+#482=582+# @:([A#
,.0.#2)#82,-)*5*.#72#+,4+82=+0*2#1.07.**2#,-#<-5**8.#1.)*-8+#48.3+02+0*2#75#72??+8+0*2#?85==+0*2E#
# Wa
g.=+# 4+8# )+# 1+))-)+# &5(&kT# 501:+# 4+8# <-+,*+# 1.)*-8+# /# ,*5*5# 202625)=+0*+# 3+82?215*5# )5#
4.,2*232*9#4+8#)K+,48+,,2.0+#7+))5#48.*+205#%Y"#=+7250*+#2==-0.12*.1:2=215E#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
# WG
411
862
-117014-117884
-117426
272-117286
LUC
LUC
LUC
180LUC-117194
-117884
LUC 451
Figura 11. Rappresentazione schematica dei costrutti utilizzati negli esperimenti di
trasfezione transiente. La sequenza di 862 paia di basi (-117884/-117014) è stata clonata nel
vettore pGL3 basic, a monte del gene reporter per la luciferasi. 411, 272, 180 e 451 sono i
costrutti contenenti i mutanti per delezione. Nelle regioni del promotore sono indicati potenziali
siti di legame: ! ERE coincidente con il mezzo sito AP-1 (ovale rosso), AP-1 (linee verticali
blu), Runx2 (quadrati rosa) e NFATc1 (triangoli verdi).
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Figura 12. Analisi dell’attività luciferasica. A Analisi effettuata dopo trasfezione dei costrutti indicati o del
solo vettore vuoto (pGL3-Basic) in cellule SaOS-2, B MG63 e in colture primarie di osteoblasti umani (hOBs).
Dove indicato gli esperimenti sono stati eseguiti in assenza (-) o presenza (+) di 17-!-estradiolo 10-8M. I valori
sono espressi in unità relative di luciferasi. Le immagini riportate rappresentano i livelli di espressione di ER!
ottenuti mediante analisi immunocitochimica e fotografate al microscopio ottico con un ingrandimento 40X. La
significatività è indicata con * (P<0,05) rispetto al controllo (pGL3Basic) oppure tra altre coppie di dati dove
specificato.
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Figura 13. Analisi dell’attività luciferasica dopo trasfezione dei costrutti indicati o del solo
vettore vuoto (pGL3-Basic) in cellule MCF7 e MDA-MB-231. Dove indicato gli esperimenti
sono stati eseguiti in assenza (-) o presenza (+) di 17-!-estradiolo 10-8M. I valori sono espressi
in unità relative di luciferasi.
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Figura 14. Saggio di immunoprecipitazione della cromatina (ChIP). Colture cellulari di
SaOS-2 ed MDA-MB-231 sono trattate con formaldeide all’1% in modo da fissare le proteine
al DNA. Un’aliquota è mantenuta inalterata e costituisce il controllo positivo input (DNA totale
della cellula). La restante cromatina è immunoprecipitata con l’anticorpo anti-Runx2 e con
l’anticorpo anti-TFIIB e in assenza di anticorpo. Una reazione di PCR è quindi allestita con
primers che amplificano la regione del promotore F contenente i siti di legame per Runx2
(schematizzati nella figura in alto) di 210 bp, nel materiale input (linee 1 e 2), nella cromatina
che non ha avuto contatto con nessun anticorpo (NoAb) (linee 3 e 4) e nella cromatina
immunoprecipitata con l’anticorpo anti-Runx2 (linee 5 e 6). Lo stesso procedimento è stato
applicato con primers che amplificano una regione del promotore del gene per la gliceraldeide-
3-fosforo-deidrogenasi e che origina un prodotto di 166 bp.
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Figura 15. Saggio di ritardo della mobilità elettroforetica (EMSA) su Runx2 (a)*,
Runx2 (b)* e Runx2(c)* con estratti nucleari di SaOS-2. Su gel di poliacrilammide
al 6% sono stati fatti migrare gli oligonucleotidi marcati Runx2 (a)*, Runx2 (b)* e
Runx2(c)* in assenza (linee 1) e in presenza (linee 2-6) di estratti nucleari (E.N.) di
cellule SaOS-2. Gli esperimenti sono stati condotti in presenza di un eccesso (100
volte) dell’oligonucleotide corrispondente non marcato (linee 3) o di un
oligonucleotide non corrrelato (scramble linee 4), in presenza dell’anticorpo contro
Runx2 (linee 5) o CD64 (linee 6).
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Figura 16. Saggi EMSA su Runx2 (a) mt* e Runx2 (b) mt* con estratti nucleari di
SaOS-2. Su gel di poliacrilammide al 6% sono stati fatti migrare gli oligonucleotidi
Runx2 (a) mt* e Runx2 (b) mt* mutati in assenza (linee 1) e in presenza di estratti
nucleari (E.N.) di cellule SaOS-2 (linee 2-6). Gli esperimenti sono stati condotti in
presenza di un eccesso (100 volte) dell’oligonucleotide corrispondente non marcato
(linee 3) o non relato (scramble linee 4), in presenza dell’anticorpo contro Runx2 (linee
5) o CD64 (linee 6). Hela (linee 1-2) e di un eccesso (100 volte) dell’oligonucleotide
corrispondente non marcato (linee 2).
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Figura 17. Analisi dell’espressione della proteina Runx2 e dell’attività luciferasica dopo
trattamento con siRNA contro Runx2. A La figura illustra l’analisi dell’espressione delle
proteine Runx2 e IP3K mediante Western Blott su estratti cellulari totali di cellule SaOS-2,
sottoposte a trattamento con siRNA contro Runx2 (Runx2-siRNA), con un oligonucleotide non
correlato (scr) e non trattate (NT). I lisati totali sono caricati in gel di poliacrilammide al 12% in
uguali quantità (25 ug/lane) e le proteine separate con corsa elettroforetica sono state trasferite in
PVDF ed è stata poi eseguita una ibridazione con gli anticorpi contro Runx2 e IP3K. B La figura
illustra l’analisi dell’attività luciferasica dopo trasfezione dei costrutti indicati (862 e 451) o del
solo vettore vuoto (pGL3-Basic) in cellule SaOS-2 non trattate o trattate con oligonucleotide
scramble o con oligonucleotide siRNA contro Runx2. I valori sono espressi in unità relative di
luciferasi.
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Figura 18. Analisi dell’espressione del gene ER! mediante RT-PCR quantitativa e Western Blott
dopo silenziamento della proteina Runx2. A Il cDNA ottenuto dalle cellule SaOS-2 non trattate (NT),
trattate con un oligonucleotide non correlato (scr) e con siRNA contro Runx2 (Runx2-siRNA), è stato
sottoposto a RT-PCR quantitativa per valutare i livelli di mRNA di ER!. I livelli di espressione sono
stati normalizzati sulla base dell’espressione del gene di riferimento GAPDH. B L’analisi
dell’espressione delle proteine ER! e IP3K è stata effettuata mediante Western Blot  su estratti cellulari
totali di cellule SaOS-2 non trattate (NT), trattate con un oligonucleotide non correlato (scr) e con
siRNA contro Runx2 (Runx2-siRNA). I lisati totali sono caricati in gel di poliacrilammide al 12% i
uguali quantità (25 ug/lane) e le proteine separate con corsa elettroforetica sono state trasferite in PVDF
ed è stata poi eseguita una ibridazione con gli anticorpi contro ER! e IP(3)K.
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Figura 19. Analisi dell’attività di ER!. A La figura rappresenta l’attività di luciferasi dopo trasfezione di
colture di cellule SaOS-2 non trattate, trattate con l’oligonucleotide scramble siRNA e con il siRNA contro
Runx2 (Runx2-siRNA), con 3 ug di vettore contenente elementi responsivi all’estrogeno (ERE) Vit-3ERE
luc in presenza di 17"-estradiolo. La barra bianca rappresenta il controllo effettuato con transfezione di
3ug del vettore vuoto pGL2 Basic. B Il cDNA ottenuto dalle cellule SaOS-2, non trattate, trattate con
l’oligonucleotide scramble siRNA e con il siRNA contro Runx2 (Runx2-siRNA) è stato sottoposto a RT-
PCR quantitativa per valutare i livelli di mRNA del recettore del progesterone (PR). I livelli di espressione
sono stati normalizzati sulla base dell’espressione del gene di riferimento GAPDH.
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Figura 20. Analisi dell’effetto dell’overespressione di Runx2 sull’attività del promotore di ER! e
sulla sua espressione. A Analisi dell’attività luciferasica dopo trasfezione dei costrutti indicati o del solo
vettore vuoto (pGL3basic) in cellule SaOS-2. Gli esperimenti sono stati eseguiti in assenza (-) o presenza
(+) del vettore di espressione per Runx2 (Runx2). I valori sono espressi in unità relative di luciferasi. La
significatività è presente quando indicata * = P<0,05, ** = P<0,01 B Le figure rappresentano i livelli
relativi di espressione di messaggero di ER!, valutato mediante RealTime Pcr, in assenza (-) o presenza
(+) del vettore di espressione per Runx2 (Runx2). C Analisi dell’espressione di ER! valutata con Western
Blot su estratti cellulari totali di cellule SaOS-2 in assenza (-) o presenza (+) del vettore di espressione per
Runx2. La valutazione della proteina IP(3)K è utilizzata come controllo.
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Figura 21. Analisi dell’attività di ER!. A La figura rappresenta l’attività di luciferasi dopo transfezione di
colture di cellule SaOS-2 in assenza (-) o presenza (+) del vettore di espressione per Runx2 (Runx2) con 3 ug
di vettore contenente elementi responsivi all’estrogeno (ERE) Vit-3ERE luc in presenza di 17"-estradiolo. La
barra bianca rappresenta il controllo effettuato con transfezione di 3ug del vettore vuoto pGL2 Basic. B Il
cDNA, ottenuto dalle cellule SaOS-2 in assenza (-) o presenza (+) del vettore di espressione per Runx2
(Runx2), è stato sottoposto a RT-PCR quantitativa per valutare i livelli di mRNA del recettore del progesterone
(PR). I livelli di espressione sono stati normalizzati sulla base dell’espressione del gene di riferimento GAPDH.
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Figura 22. Valutazione dell’attività luciferasica dopo mutazione dei siti Runx2 (a) e Runx2 (b).
Analisi effettuata dopo trasfezione dei costrutti indicati mutati nei siti Runx2 (a) o Runx2 (b), come
schematizzato nella parte inferiore della figura, o del solo vettore vuoto (pGL3-Basic) in cellule
SaOS-2. Gli esperimenti sono stati eseguiti in assenza (-) o presenza (+) di overespressione della
proteina Runx2 (Runx2). I valori sono espressi in unità relative di luciferasi. Tutti i valori sono
significativi nei confronti del controllo (pGL3Basic) e dove indicato con * (P< 0,05) in modo
specifico.
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Figura 23. Effetto dell’overespressione di ER! sull’attività del promotore F in cellule
SaOS-2. Gli esperimenti sono stati eseguiti in assenza (-) e in presenza (+) di 17 !-estradiolo
(E2) e del vettore di espressione per ER" (HEO). I valori sono espressi in unità relative di
luciferasi. Le significatività relative all’overespressione con HEO sono indicate con *= P<0,05
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Figura 24. Analisi dell’interazione “in vivo” di ER! e dei fattori AP-1 con il promotore F
del gene umano ER!, mediante saggio ChIP. Cellule SaOS-2 coltivate in presenza di 17-"-
estradiolo 10 nM (E2) per tempi diversi (0’, 15’, 30’, 45’, 60’, 90’, O.N.), sono state trattate con
formaldeide 1% per fissare le proteine al DNA. Un’aliquota, che costituisce la cromatina totale
delle cellule, è mantenuta inalterata e viene considerata il controllo positivo (Input). La restante
cromatina è immunoprecipitata con gli anticorpi contro ER!, c-jun, c-fos, ATF-2 e Fra-2  e in
assenza di anticorpo (No Ab) e sottoposta a una reazione di PCR con primers che amplificano
una regione del promotore F compresa tra -117254 e 117049 bp (schema in alto). I prodotti di
PCR vengono quindi fatti migrare su gel di agarosio.
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Figura 25. Analisi dell’interazione “in vivo” di ER! e dei fattori AP-1 con il promotore F
del gene umano ER!, mediante esperimenti di re-ChIP. La cromatina di cellule SaOS-2
coltivate in presenza di 17-"-estradiolo 10 nM (E2) per tempi diversi (0’, 15’, 30’, 45’, 60’, 90’,
O.N.) e immunoprecipitata in assenza di anticorpo (No Ab) o con gli anticorpi contro ER!,
ATF-2, c-jun e c-fos, è stata immunoprecipitata, una seconda volta, rispettivamente con gli
anticorpi contro c-jun, c-fos, ATF-2, Fra-2 ed ER!.
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5’-aattcgtccaaagtcaggtcacagtgacctgatcaaagtt-3’
CRE consensus
ERE half site
AP-1(1)
5’-tgcatttcctaatttcatggtcataacagcct-3’
5’-ttatttttgagttactgcat-3’
5’-agctcctagcctgacgtcagagagagagct-3’
AP-1/ERE half site 5’-tttatttttgagttactgcatttcctaatttcatggtcataacagcct-3’
Oligo 2
Oligo 3
Oligo 4
5’-actgcatttcctaatttcat-3’
5’-atttcatggtcataacagcc-3’
5’-ggtcataacagcctcctgtc-3’
Oligo 3m 5’-atttcatAAtcataacagcc-3’
OLIGONUCLEOTIDE SEQUENZA
AP-1/ERE half site
AP-1 m
5’-tttattttCAagtACctgcatttcctaatttcatggtcataacagcct-3’
ERE half site ERE m 5’-tgcatttcctaatttcatAAtcataacagcct-3’
AP-1 38
AP-1 29
5’-gatcatatgacagaaggaag-3’
5’-agtccatgcctgagtaagaaagtc-3’
-117694 -117674
-117584 -117560
Tabella 9. Rappresentazione delle sequenze degli oligonucleotidi utilizzati per
l’analisi EMSA.
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Figura 26. EMSA su AP-1 1* con proteine ricombinanti ed estratti nucleari di SaOS-2. Su
gel di poliacrilammide al 6% è stato fatto migrare l’oligonucleotide marcato AP-1 1*, in
assenza (linee 1 e 8) e in presenza (linee 2-7) di estratti nucleari (E.N.) di cellule SaOS-2. Gli
esperimenti sono stati condotti in presenza di un eccesso (100 volte) dell’oligonucleotide
corrispondente non marcato (linea 3), in presenza degli anticorpi contro c-jun (linea 4), c-fos
(linea 5), ATF-2 (linea 6), ER! (linea 7) e delle proteine ricombinanti c-jun (linea 9), ATF-2
(linea 10), ER! (linea 14) e c-fos, da sole o in combinazione tra loro (linee 11,12 e 13).
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Figura 27. EMSA su AP-1 38* e AP-1 29* con proteine ricombinanti ed estratti nucleari di
SaOS-2. Su gel di poliacrilammide al 6% sono stati fatti migrare gli oligonucleotidi marcati
AP-1 38* e AP-1 29*, in assenza (linee 1 e 8) e in presenza (linee 2-7) di estratti nucleari (E.N.)
di cellule SaOS-2. Gli esperimenti sono stati condotti in presenza di un eccesso (100 volte)
dell’oligonucleotide corrispondente non marcato (linee 3), in presenza degli anticorpi contro c-
jun (linee 4), c-fos (linee 5), ATF-2 (linee 6), ER! (linee 7) e delle proteine ricombinanti c-jun
(linee 9), ATF-2 (linee 10), ER! (linee 14) e c-fos, da sole o in combinazione tra loro (linee
11,12 e 13).
1 2 3 4 5 6 7 1 2 3 4 5 6 78 9 1011 121314 8 9 1011 121314
AP-1 29*AP-1 38*
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c-jun rec.
c-fos rec.
ATF2 rec.
ER! rec. 
c-jun Ab
c-fos Ab
ATF2 Ab
ER! Ab 
ERE
consensus*
AP-1
 consensus*
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+ + + ++
+
+
+
+
+ +
+
+
+
+ +
+
free free free
Figura 28. EMSA su AP-1 consensus*, CRE consensus* ed ERE consensus* con
proteine ricombinanti. Su gel di poliacrilammide al 6%, sono stati fatti migrare gli
oligonucleotidi marcati AP-1 consensus*, CRE consensus* ed ERE consensus* dopo
incubazione con le sole proteine ricombinanti c-jun, c-fos, ATF-2 ed ER! e in
presenza dei corrispondenti anticorpi specifici.
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Figura 29. EMSA su AP-1/ERE half site* con estratti nucleari di cellule SaOS-2. Su gel di
poliacrilammide al 6% è stato fatto migrare l’oligonucleotide marcato AP-1/ERE half site* in assenza
(linea 1) e in presenza di estratti nucleari di cellule MCF7 (2) e di SaOS-2 (3-8) e, dove è indicato, in
presenza degli anticorpi specifici contro c-jun, c-fos, ATF-2, ER!. I complessi DNA-proteina più
rilevanti sono contrassegnati con delle frecce (c1-c5). A fianco è riportato la medesima corsa
elettroforetica dove l’esperimento è stato condotto in presenza di un eccesso (25, 50, 100, 250 volte)
dell’oligonucleotide corrispondente non marcato (linee 10-13), dell’oligonucleotide AP1(1) non marcato
(14-17) e ERE half site (18-21). In alto è riportato lo schema del posizionamento degli oligonucleotidi
utilizzati sulla sequenza del promotore F.
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Figura 30. EMSA su AP-1/ERE half site* con estratti nucleari di cellule MCF7. Su gel di
poliacrilammide al 6% è stato fatto migrare l’oligonucleotide marcato AP-1/ERE half site* in assenza
(linea 1) e in presenza di estratti nucleari di cellule MCF7 (2-7) e, dove è indicato, in presenza degli
anticorpi specifici contro c-jun, c-fos, ATF-2, ER!. I complessi DNA-proteina più rilevanti sono
contrassegnati con delle frecce (c1-c5). A fianco è riportato la medesima corsa elettroforetica dove
l’esperimento è stato condotto in presenza di un eccesso (25, 50, 100, 250 volte) dell’oligonucleotide
corrispondente non marcato (linee 10-13), dell’oligonucleotide AP1(1) non marcato (14-17) e ERE half
site (18-21).
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Figura 32. EMSA su ERE half site*con proteine ricombinanti ed estratti nucleari di SaOS-
2. Su gel di poliacrilammide al 6% è stato fatto migrare l’oligonucleotide marcato ERE half
site* in assenza (linea 1) e in presenza (linee 2-7) di estratti nucleari (E.N.) di cellule SaOS-2.
Gli esperimenti sono stati condotti in presenza di un eccesso (100 volte) dell’oligonucleotide
corrispondente non marcato (linea 3) e, dove indicato, in presenza delle proteine ricombinanti c-
jun, c-fos, ATF-2 ed ER! e degli anticorpi corrispondenti. I complessi DNA-proteina più
rilevanti sono contrassegnati con delle frecce (c1-c5).
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Figura 33. EMSA su AP-1(1)*, Oligo2*, Oligo3*, Oligo3m* e Oligo4* con proteine
ricombinanti. Su gel di poliacrilammide al 6%, sono stati fatti migrare gli oligonucleotidi
marcati AP-1(1)*, Oligo2*, Oligo3*, Oligo3m* e Oligo4* dopo incubazione con le sole proteine
ricombinanti c-jun, c-fos, ATF-2 ed ER! e in presenza dei corrispondenti anticorpi specifici. In
alto è riportato lo schema del posizionamento degli oligonucleotidi utilizzati sulla sequenza del
promotore F.
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Figura 34. Valutazione dell’attività luciferasica dopo mutazione dei siti AP1 (1) e 1/2ERE.
Analisi effettuata dopo trasfezione dei costrutti indicati mutati nei siti AP1 (1) e 1/2ERE o del solo
vettore vuoto (pGL3-Basic) in cellule SaOS-2. Gli esperimenti sono stati eseguiti in assenza (-) o
presenza (+) di 17!estradiolo. I valori sono espressi in unità relative di luciferasi. Le significatività
relative alle mutazioni sono indicate dove presenti da *= P<0,05
*
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Figura 35. EMSA su EREhalf site*, EREhalf site EREm*, AP-1/ERE half site* e AP-
1/ERE half site AP-1 m* con proteine ricombinanti. Su gel di poliacrilammide al 6%, sono
stati fatti migrare gli oligonucleotidi marcati ERE half site*, ERE half site EREm*, AP-1/ERE
half site* e AP-1/ERE half site AP-1 m* dopo incubazione con le proteine ricombinanti c-jun, c-
fos, ATF-2 ed ER! e in presenza dei corrispondenti anticorpi specifici.
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Figura 36. Schema della localizzazione dei potenziali siti di legame per NFATc1 nel promotore F e nel
promotore C. A Rappresentazione schematica della localizzazione di potenziali siti di legame per NFATc1
nella regione del promotore F e nel promotore C. I siti per NFATc1 sono indicati come triangoli verdi, gli
ovali rossi rappresentano gli elementi responsivi all’estrogeno (ERE). Le lettere maiuscole F e C indicano
gli esoni F e C. I pesi molecolari dei vari prodotti di PCR sono riportati a lato della figura di
immunoprecipiazione. Nella sequenza B è riportata la posizione esatta dell’oligonucleotide decoy RA4-
3’(appartenente al promotore C) e l’ omologia del sito NFATc1 che contiene con il sito NFATc1 situato nel
promotore F.
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Figura 37. EMSA su RA4-3’* con estratti nucleari di cellule SaOS-2 e MDA-MB-231. Su gel di
poliacrilammide al 6% è stato fatto migrare l’oligonucleotide marcato RA4-3’* in assenza (linea 1) e in
presenza di estratti nucleari di cellule MDA-MB-231 (2-9) o SaOS-2 (10-17). Nelle linee 3 e 11 gli
estratti nucleari sono incubati in presenza dell’oligonucleotide corrispondente non marcato (cold), nelle
linee 4 e 12 di un ligonucleotide scramble (scr), nelle linee 5-9 e 13-17 di un eccesso (5, 25, 50, 100, 250
volte) dell’oligonucleotide NFAT non marcato.
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Figura 38. EMSA su NFAT* con estratti nucleari di cellule SaOS-2 e MDA-MB-231. Su gel di
poliacrilammide al 6% è stato fatto migrare l’oligonucleotide marcato NFAT* in assenza (linea 1) e in
presenza di estratti nucleari di cellule MDA-MB-231 (2-9) o SaOS-2 (10-17). Nelle linee 3 e 11 gli
estratti nucleari sono incubati in presenza dell’oligonucleotide corrispondente non marcato (cold), nelle
linee 4 e 12 di un ligonucleotide scramble (scr), nelle linee 5-9 e 13-17 di un eccesso (5, 25, 50, 100, 250
volte) dell’oligonucleotide RA4-3’ non marcato.
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Figura 39. Schema esemplificativo della strategia decoy. In A l’oligonucleotide “decoy” sequestra un
fattore trascrizionale (TF, “transcriptional factor”) positivo inibendone l’interazione con il “cis-element”
endogeno e bloccando quindi la trascrizione di un gene che fisiologicamente è attivamente trascritto.
In B la molecola “decoy” inibisce il legame di un fattore trascrizionale (TF) negativo al relativo elemento
consenso sul DNA cellulare, riattivando quindi la trascrizione di un gene normalmente silente.
(es. NFATc1)
(es. NFATc1)
135
eEbEe MJM"!&!# _%""K%``%$$(# _%""M# _%^"%j!(J%# _!# J`M$1O# P%_!MJ$%#
_%g(w#
J+>)2# +,4+82=+0*2# 1:+# ,+>-.0.# ,2# ,.0.# 2=42+>5*+# 7-+# =.)+1.)+# 7+1.V# 4+8# 4585>.058+# )+#
82,4+**23+# 154512*9# 72# =.7-)58+# )K+,48+,,2.0+# 72# %Y## +# 85??.8658+# )K24.*+,2# 72# 458*+065L#
)K.)2>.0-1)+.*27+#YMekbK# +# )K.)2>.0-1)+.*27+#J`M$# 1.0,+0,-,E#F-+,*+#=.)+1.)+# ,.0.# ,*5*+#
*85,?+**5*+#20#1+))-)+#&5(&kT#20#48+,+065#72#OWk!k+,*8572.).B#4+8#=.02*.858+#,-11+,,235=+0*+#)5#
?-062.0+#72#%Y#E#_.4.#O#>2.80.#+#U#>2.802#72#+,4.,262.0+#5)#\7+1.V]B#/#,*5*.#35)-*5*.#)K+??+**.#
,-))K+,48+,,2.0+# 72# %Y## 5# )23+)).# 72# =YJM#=+7250*+# Y$k^gY# <-50*2*5*235B# +# 5# )23+)).# 72#
48.*+205B# =+7250*+# n+,*+80# [).*E# !# 82,-)*5*2# 824.8*5*2# 20# ?2>-85# eH# M# =.,*850.# 1:+# >)2#
.)2>.0-1)+.*272#7+1.V#207-1.0.#-0#5-=+0*.#,2>02?215*23.#7+2#)23+))2#72#=YJM#4+8#%Y##+#1:+#
<-+,*.# +??+**.# /# =5815*5=+0*+# *+=4.# 72# +,4.,262.0+k724+07+0*+E# M)# 1.0*8582.#
)K.)2>.0-1)+.*27+# ,185=D)+# @&A# 0.0# =.72?215# 20# =.7.# ,2>02?215*23.# )K+,48+,,2.0+# 7+)#
=+,,5>>+8.#72#%Y#E#
F-+,*+#.,,+83562.02#,.0.#1.0?+8=5*+#75))K505)2,2#n+,*+80#[).*#@?2>-85#eH#[A#7.3+#)K5-=+0*.#
7+))K+,48+,,2.0+# 7+))5# 48.*+205# %Y## 82,4+**.# 5)# 1.0*8.)).# 0.0# *85**5*.# @gA# /# 458*21.)58=+0*+#
+327+0*+# 5)# ,+,*.# >2.80.# 4+8# +0*85=D2# >)2# .)2>.0-1)+.*272E# M01:+# 20# <-+,*.# 15,.#
)K.)2>.0-1)+.*27+# ,185=D)+# @&A# 0.0# 20*+8?+82,1+# 1.0# 2# )23+))2# 72# +,48+,,2.0+# 7+))5# 48.*+205#
505)2665*5E#
F-+,*2# 82,-)*5*2# 2072150.# 1:+# )K5-=+0*.# 0+))K+,48+,,2.0+# 72# %Y## .,,+835*.# /# ,*8+**5=+0*+#
5,,.125*.#57#-05#,.**8562.0+#7+))5#48.*+205#J`M$1OB#)5#<-5)+#/#+327+0*+=+0*+#8+,4.0,5D2)+#72#
-0#1.0*8.)).#0+>5*23.#,-))K+,48+,,2.0+#7+)#>+0+#%Y#E##
"5# ,.38544.,262.0+# 7+>)2# +??+**2# 7+2# 7-+# .)2>.0-1)+.*272# 4.8*5# <-2072# 85>2.0+3.)=+0*+# 5#
1.0?+8=58+#2)#8+1)-*5=+0*.#48.482.#72#J`M$1O#75#458*+#7+))5#,+<-+065#YMekbK#@35)27562.0+#
7+))K24.*+,2# 72# 458*+065AE# m# 20*+8+,,50*+# 0.*58+# 1.=+# )K+??+**.# 7+))5# =.)+1.)5# 7+1.VB# 20#
458*21.)58+#72#YMekbKB#,25#?.8*+=+0*+#4.*+0625*.#75))5#48+,+065#72#+,*8.>+0.#@?2>-85#eH#MAE##
# ObU
F-+,*.#,->>+82,1+#5)=+0.#7-+#20*+848+*562.02L#Ok-0K5-*.8+>.)562.0+#7+))5#*85,1862.0+#72#%Y#B#
Tk# -05# 511+,,2D2)2*9# 5))+# ,+<-+06+# +07.>+0+# )5,125*+# \3-.*+]# 75# J`M$1O# ,+<-+,*85*.# 75)#
7+1.V#75#458*+#72#?5**.82#1:+#82,+0*.0.#4.,2*235=+0*+#7+))5#48+,+065#7+))K+,*8.>+0.E#
#
F-+,*+# 1.01)-,2.02# ,.0.# ,*5*+# 1.88.D.85*+# +,+>-+07.# >)2# +,4+82+=+0*2# 72# 7+1.V# 20#
5,,.12562.0+#1.0#2)#3+**.8+#4)5,=2721.#4J`M$k$Mk"-1B#1:+#/#,*5*.#1.*85,?+**5*.#0+))+#,*+,,+#
1+))-)+E#F-+,*.#1.0*2+0+#*8+#1.42+#20#*507+=#7+))5#,+<-+065#J`M$#1.0,+0,-,#5#=.0*+#72#-0#
48.=.*.8+#=202=.# $M# @,+<-+065# $M$M# D.N# 54458*+0+0*+# 5)# 48.=.*.8+# 7+)# >+0+# *2=27205#
1:205,2# 7+)# 328-,# S+84+,# &2=4)+NAE# g+))-)+# &5(&kT# *85,?+**5*+# 1.0# ,.).# <-+,*.# 4)5,=27+#
=.,*850.#-05#207-62.0+#,2>02?215*235#7+))K5**232*9#)-12?+85,215B#72=.,*8507.#1:+#J`M$1O#/#20#
>857.B# )+>507.# 2)# ,-.# +)+=+0*.# 1.0,+0,-,# 0+)# 3+**.8+# J`M$k)-1B# 72# 5**23580+# 2)# 48.=.*.8+#
@?2>-85# eO# MAE# <-507.# <-+,*.# 4)5,=27+# 32+0+# *85,?+**5*.# 20,2+=+# 5))5# =.)+1.)5# 7+1.VB# )5#
1.=D20562.0+# >+0+85B# 1.=+# 12# ,2# 5,4+**535B# -05# 72=20-62.0+# ,2>02?215*235# 7+))K5**232*9#
)-12?+85,215E# "K.)2>.0-1)+.*27+# ,185=D)+# @&AB# 203+1+B# 0.0# :5# 5)1-0# +??+**.# 72=.,*8507.# 1:+#
)K.)2>.0-1)+.*27+#YMekbK#/#+??+**235=+0*+#20#>857.#72#,+<-+,*858+#2)#?5**.8+#J`M$1OE#
"5# 1.0,+>-+065# 1:+# 2)# 7+1.V# :5# ,-))K5-=+0*.# 7+))K+,48+,,2.0+# 72# %Y## ,2# 5,,.125# 57# -0#
2018+=+0*.# 7+))K5**232*9# ?-062.05)+# 72# %Y#B# 1.=+# 72=.,*85*.# 1.*85,?+**507.# )+# 1+))-)+# 1.0#
YMekbK# +# 2)# 4R"Tkp!$kb%Y%# 1.0*+0+0*+# 20# *824)21+# 1.425# +)+=+0*2# 1.0,+0,-,# 8+,4.0,232#
5))K+,*8.>+0.E#F-+,*5#1.=D20562.0+#@?2>-85#eO#MA#48.3.15B#5#3+82?215#7+))5#0.,*85#24.*+,2B#-0#
5-=+0*.# 0+))K5**232*9# )-12?+85,215# +3+0*.# 1:+# 0.0# ,2# .,,+835# <-507.# ,2# *85,?+**5# 1.0#
)K.)2>.0-1)+.*27+#,185=D)+#@&AE#
!# )23+))2#D5,5)2#72#+,48+,,2.0+#7+))+#48.*+20+#J`M$1O#+7#%Y##482=5#+#7.4.# *85**5=+0*.#1.0#
^PM#+#!.0=21205#@^PMo!.A#,.0.#,*5*2#=2,-85*2#=+7250*+#n+,*+80#[).*#@?2>-85#eO#[AE#&2#4-X#
0.*58+# 1.=+B# 7.4.# *85**5=+0*.# 5-=+0*2# )K+,48+,,2.0+# 0-1)+58+# 72# J`M$1O# 20# =.7.#
5448+665D2)+B#=+0*8+#2#)23+))2#72#%Y##*+07.0.#5#72=20-28+E#
# ObW
^.21:C# )+# 1.0.,1+06+# ,-)# 8-.).# 72# J`M$1O# ,->)2# .,*+.D)5,*2# ,.0.# 7+12,5=+0*+# 458625)2B# 2)#
)53.8.#/#48.,+>-2*.#-*2)266507.#1.=+#=.7+)).#,4+82=+0*5)+#>)2#.,*+.D)5,*2#-=502#482=582B#5)).#
,1.4.#72#35)2758+#)+#1.01)-,2.02#5#1-2#,2#/#>2-0*2#2=42+>507.#)+#1+))-)+#&5(&kTE#
^+8*50*.B#>)2#,*+,,2#+,4+82=+0*2#7+,182**2# 20#?2>-85#eO#,.0.#,*5*2#1.07.**2#,-#<-5**8.#1.)*-8+#72#
.,*+.D)5,*2#482=582#48.3+02+0*2#75#72??+8+0*2#15=42.02#@?2>-85#eTAE#!#35).82#72#)-12?+85,2#.**+0-*2#
0.0# ,.0.# ,2>02?215*232# 5# 15-,5# 7+))5# 723+8,2*9# 20*820,+15# 5))+# 1.)*-8+# 482=582+L# ,2# .,,+835#
4+8*50*.#-0#5075=+0*.#,-??212+0*+=+0*+#723+8,.# )+>5*.#5))+#1585**+82,*21:+#72#.>02#15=42.0+#
1:+# ,2# 82?)+**+# 20+32*5D2)=+0*+# ,-))5# 7+32562.0+# ,*507587# 15)1.)5*5# ,-))5# =+725# 7+2# 35).82#
.**+0-*2#75#125,1-05#1.)*-85E#J.0.,*50*+#<-+,*.#/#4+8X#4.,,2D2)+#.,,+8358+#)5#,*+,,5#*+07+065#
7+,182**5#48+1+7+0*+=+0*+E#
^.,,25=.#4+8*50*.#1.01)-7+8+#1:+#501:+#20#-0#=.7+)).#\+N#323.]#42Q#32120.#5))5#1.07262.0+#
\20# 323.]# 82,4+**.# 57# -05# )20+5# 1+))-)58+# /# 4.,,2D2)+# =.7-)58+# =+7250*+# YMekbK# 7+1.V# ,25#
)K+,48+,,2.0+# 1:+# )K5**232*9# 72# %Y## +# 72=.,*858+# 1:+# <-+,*.# /#=+725*.# 75)# ?5**.8+#J`M$1OE#
"K505)2,2#2==-0.12*.1:2=215#4+8#)5#48+,+065#72#%Y##20#<-+,*+#1+))-)+#@?2>-85#eT#[A#72=.,*85#
-0#0+**.#5-=+0*.#72#+,48+,,2.0+#4+8#%Y##7.4.#*85**5=+0*.#1.0#+0*85=D2#>)2#.)2>.#7+1.VE#
#
#
#
#
#
#
#
#
#
#
#
# Oba
1 giorno
ER! ER!
IP(3)K
IP(3)K
C NF
AT
R
A
4-
3’
S C NF
AT
R
A
4-
3’
S
6 giorni
0
10
20
30
NFAT
RA4-3'
S
E + + + +
+
+
+
*
*
*
**
+ + + +
+
+
+
L
iv
el
li
 r
el
a
ti
v
i 
d
i 
es
p
re
ss
io
n
e
 d
i 
m
R
N
A
 d
i 
E
R
!
Figura 40. Analisi dell’espressione del gene ER! mediante RT-PCR quantitativa e Western Blot. A Il
cDNA ottenuto dalle cellule SaOS-2, coltivate in presenza (+) e in assenza (-) di 17-"-estradiolo (E), in presenza
(+) e in assenza (-) dell’oligonucleotide NFAT consensus o dell’oligonucleotide RA4-3’ o dell’oligonucleotide
scramble (S) è stato sottoposto a RT-PCR quantitativa per valutare i livelli di mRNA di ER!. I livelli di
espressione sono stati normalizzati sulla base dell’espressione del gene di riferimento GAPDH. La significatività
è presente quando indicata * = P<0,05, ** = P<0,01 nei confronti del controllo (non trattato). B Le figure
illustrano l’analisi dell’espressione delle proteine ER! e IP(3)K mediante Western Blot su estratti cellulari totali
di cellule SaOS-2 non trattate (C), trattate con l’oligonucleotide NFAT consensus, l’oligonucleotide RA4-3’ e
l’oligonucleotide scramble (S) . I lisati totali sono caricati in gel di poliacrilammide al 12% in uguali quantità e
le proteine separate con corsa elettroforetica sono state trasferite in PVDF ed è stata poi eseguita una ibridazione
con gli anticorpi contro ER! e IP3K. Le analisi sono state effettuate dopo 1 giorno e dopo 6 giorni dei
trattamenti indicati.
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Figura 41. Analisi dell’attività luciferasica e dell’espressione di NFATc1 ed ER!. A Analisi
effettuata dopo trasfezione dei costrutti NFAT luc (nel riquadro in alto è riportato lo schema del
vettore) e Vit-3ERE luc o del solo vettore vuoto pGL3-Basic (barra bianca) in cellule SaOS-2. Gli
esperimenti sono stati eseguiti in assenza (-) o presenza (+) dell’oligonucleotide decoy RA4-3’ o
dell’oligonucleotide scramble (S) . I valori sono espressi in unità relative di luciferasi rispetto al
controllo pGL3-Basic. La significatività è presente quando riportata e * = P<0,05. B La figura
illustra l’analisi dell’espressione delle proteine NFATc1, ER! e IP(3)K mediante Western Blot su
estratti cellulari totali di cellule SaOS-2 non trattate (C) e trattate con PMA 10ug/mL e
Ionomicina 0,5uM (PMA/Io). I lisati nucleari sono caricati su gel di poliacrilammide al 12% e le
proteine separate con corsa elettroforetica sono state trasferite in PVDF ed è stata poi eseguita una
ibridazione con gli anticorpi contro NFATc1, ER! e IP(3)K.
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Figura 42. Analisi dell’attività luciferasica. A Analisi effettuata dopo trasfezione dei costrutti NFAT luc e
Vit-3ERE luc o del solo vettore vuoto pGL3-Basic (barra bianca) in colture primarie di osteoblasti umani.
Gli esperimenti sono stati eseguiti in assenza (-) o presenza (+) dell’oligonucleotide decoy RA4-3’ o
dell’oligonucleotide scramble (S) . I valori sono espressi in unità relative di luciferasi rispetto al controllo
pGL3-Basic. B Analisi immunocitochimica dell’espressione di ER! in colture primarie di osteoblasti
umani non trattate (C), trattate con l’oligonucleotide NFAT consensus, l’oligonucleotide RA4-3’ e
l’oligonucleotide scramble (S) è stata valutata l’espressione di ER!. Le analisi sono state effettuate dopo 6
giorni dei trattamenti indicati. Le immagini sono state ottenute al microscopio ottico con un ingrandimento
20X.
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Figura 43. Analisi dell’attività luciferasica e dell’espressione di NFATc1 ed ER!. A Analisi effettuata
dopo transfezione del costrutto Vit-3ERE luc o del solo vettore vuoto pGL3-Basic (barra bianca) in cellule
MDA-MB-231. Gli esperimenti sono stati eseguiti in assenza (-) o presenza (+) dell’oligonucleotide decoy
RA4-3’ o dell’oligonucleotide scramble (S) . I valori sono espressi in unità relative di luciferasi rispetto al
controllo pGL3-Basic. La significatività è presente quando riportata e * = P<0,05. Di fianco è riportata
l’analisi dell’espressione della proteina ER! su estratti cellulari totali di cellule MDA-MB-231 non trattate
(C) e trattate con la molecola RA4-3’. B Analisi effettuata dopo transfezione del costrutto NFAT luc o del
solo vettore vuoto pGL3-Basic (barra bianca) in cellule MDA-MB-231. Gli esperimenti sono stati eseguiti in
assenza (-) o presenza (+) dell’oligonucleotide decoy RA4-3’ o dell’oligonucleotide scramble (S) . I valori
sono espressi in unità relative di luciferasi rispetto al controllo pGL3-Basic. La significatività è presente
quando riportata * = P<0,05. C Analisi dell’espressione delle proteine NFATc1 e IP(3)K su estratti cellulari
totali di cellule MDA-MB-231 non trattate (C) e trattate con PMA 10ug/mL e Ionomicina 0,5uM (PMA/Io).
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Figura 44. Saggio di immunoprecipitazione della cromatina (ChIP). C Colture cellulari di SaOS-
2 sono trattate con formaldeide all’1% in modo da fissare le proteine al DNA. Un’aliquota è
mantenuta inalterata e costituisce il controllo positivo input (DNA totale della cellula). La restante
cromatina è immunoprecipitata con l’anticorpo Anti-NFATc1 e con l’anticorpo Anti-ER! e in
assenza di anticorpo (NoAb). Più reazioni di PCR sono quindi allestite con primers che amplificano
rispettivemente una regione del promotore F , una regione del promotore C ed una regione del
promotore A. La posizione delle tre coppie di primers è schematizzata nella parte A,
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Figura 45. Valutazione dei noduli di mineralizzazione in colture di osteoblasti
primari.Visualizzazione della formazione di noduli di mineralizzazione in colture di osteoblasti
umani primari non trattati (C ) e trattati con con 1 µg/ml di oligonucleotide RA4-3’, NFAT e
Scramble (S) mediante colorazione con “Alizarin Red Solution”. I noduli, quando presenti,
risultano di colore rosso. Lo stesso risultato è espresso come istogramma nel grafico sotto.
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Figura 46. Valutazione dell’apoptosi di cellule SaOS-2 e osteoblasti primari
mediante saggio TUNEL. Immagini al microscopio ottico (20X) di cellule SaOS-2 e
colture di osteoblasti umani primari non trattate (controllo) e trattate con 1 µg/ml di
oligonucleotide RA4-3’, NFAT e Scramble (S), sottoposti a valutazione dell’apoptosi
mediante saggio colorimetrico TUNEL. Quando presenti i nuclei apoptotici risultano di
colore marrone, i nuclei non apoptotici, in seguito a colorazione con ematossilina, sono
di colore blu-viola.
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OGGaAB# %Y## /# 203+1+# 4.,*.# 1.=+# 50+)).# 72# 1.0>2-062.0+# +,,+0625)+# *85# 723+8,2# +)+=+0*2#
1.203.)*2#0+))5# 8+>.)562.0+#7+))K544.,262.0+#+#7+)# 825,,.8D2=+0*.#.,,+.# @g.=4,*.0#THHOAE#m#
<-2072#48.D5D2)+#1:+#Y-0NT#,25#458*21.)58=+0*+#1.203.)*.#0+))5#=.7-)562.0+#7+))K+,48+,,2.0+#
72#%Y##7-850*+#=.=+0*2#,4+12?212#1:+#8+>.)50.#)K.=+.,*5,2#7+)#*+,,-*.#.,,+.E#
# OZZ
M#<-+,*.#48.4.,2*.B#/#,*5*.#72=.,*85*.#1:+#)5#48+,+065#72#Y-0NT#?53.82,1+#)5#*850,5**23562.0+#
=+725*5# 75# %Y#B# 5**853+8,.# -0K20*+8562.0+# *85# %Y%# @+,*8.>+0# 8+,4.0,23+# +)+=+0*,A# +7#
+)+=+0*2#8+,4.0,232#5#Y-0NTB# 20*+>8507.B# 20#<-+,*.#=.7.B# )K5**232*9#505D.)215#7+2#7-+#?5**.82#
*85,18262.05)2#,->)2#.,*+.D)5,*2#@P1g58*:V#+*#5)B#THHbAE##
#
"K-)*2=.# ?5**.8+# *85,18262.05)+# 1:+B# 20# .8720+# *+=4.85)+B# /# ,*5*.# 48+,.# 20# 1.0,27+8562.0+#0+)#
)53.8.# 72# <-+,*5# *+,2# /# ,*5*.# J`M$1OE# F-+,*.# ?5**.8+B# *857262.05)=+0*+# 7+,182**.# 1.=+#
8+>.)5*.8+# 1+0*85)+# 7+)# 72??+8+0625=+0*.# +# 5**232*9# 7+>)2# .,*+.1)5,*2B# /# ,*5*.# 20# 8+5)*9#
8+1+0*+=+0*+#7+,182**.#53+8+#-0#8-.).#0+>)2#.,*+.D)5,*2B#501:+#,+#2)#,-.#=+11502,=.#7K562.0+#
20#<-+,*+#1+))-)+#82=50+#,.).#20#458*+#0.*.E#!#82,-)*5*2#75)# )53.8.#72#<-+,*5#*+,2#7+,1823.0.#20#
=.7.#20+<-23.15D2)+#-0#8-.).#72#=.7-)5*.8+#0+>5*23.#72#J`M$1O#0+))5#*85,18262.0+#72#%Y#E#
!)#35).8+# )+>5*.#5#<-+,*5# ,1.4+8*5# ,2#1.88+)5# ,25#1.0# )K27+0*2?21562.0+#72#-05#0-.35#=.)+1.)5#
1:+# 5# )23+)).# 7+)# >+0+B# 20?)-+065# 20# =.7.# 2=4.8*50*+# )K+,48+,,2.0+# 72# %Y#B# ,25# 1.0# )5#
72=.,*8562.0+#7+))5#8+)562.0+#*85#7-+#32+#7+)#,+>05)+#1:+#?20.85#0.0#+85#501.85#,*5*5#7+,182**5E#
!0?5**2B# ,2# /# 72=.,*85*.# 458*21.)58=+0*+# 20*+8+,,50*+# 2)# ?5**.# 1:+# ,2# 20*8+1120.# 5# )23+)).# 72#
8+>.)562.0+#*85,18262.05)+#7-+#32+#1:+#:500.#+??+**2#.44.,*2#,-)#=+*5D.)2,=.#.,,+.E#^+8*50*.B#/#
24.*2665D2)+#1:+#0+)#=218.5=D2+0*+#.,,+.B#5)*2#)23+))2#72#J`M$1O#1.0*82D-2,150.#5#*+0+8+#D5,,2#
2# )23+))2# 72# %Y## 0+>)2# .,*+.D)5,*2B# 2=4+7+07.# -0K562.0+# 505D.)215# 72# <-+,*+# 1+))-)+# ,-))5#
7+4.,262.0+# 72# =5*821+B# 1:+# 32+0+B# 5)# *+=4.# ,*+,,.B# 1.0*85,*5*5# 75))K+??+**.# 4.,2*23.# 72#
J`M$1O#,->)2#.,*+.1)5,*2B#7+4-*5*2#5#825,,.8D28+#)5#=5*821+E##
%K#20*+8+,,50*+#821.8758+#1:+#8+1+0*+=+0*+#2)#,2,*+=5#g5To15)=.7-)20og0#1:+#8+>.)5#J`M$gO#
/# ,*5*.#=+,,.# 20# 8+)562.0+# 501:+# 1.0# )5# ?-062.0+# 72#%Y## @"2# +*# 5)B# THHZAE# !0# 458*21.)58+# )5#
15)=.7-)205# /# 20# >857.# 72# 5-=+0*58+# )K5??202*9# 72# %Y## 4+8# >)2# +)+=+0*2# %Y%B# 827-1+07.# 5)#
*+=4.# ,*+,,.# )5# 7+>857562.0+# 7+))5# 48.*+205# +# 20?)-+06507.# # 1.,t# 2# )23+))2# 72# +,48+,,2.0+# 72#
<-+,*.#8+1+**.8+#@"2#+*#5)B#THHUAE#
# OZU
!)#,2,*+=5#5**853+8,.#2)#<-5)+#,25=.#588235*2#5))+#1.01)-,2.02#7+,182**+#12#,+83+#501:+#5#48.4.88+#
-0#458*21.)58+#20*+8+,,+#?58=51.).>21.#5#D+8,5>)258+#J`M$1OE#MDD25=.#20?5**2#72=.,*85*.#1:+#
/#4.,,2D2)+#=.7-)58+#)K+,48+,,2.0+#72#J`M$1O#5**853+8,.#-0#\7+1.V]#,4+12?21.B#+#1:+#<-+,*.#
4.8*5#57#-05#825**23562.0+#72#%Y#B#,25# 20#.,*+.D)5,*2#1:+# 20#.,*+.1)5,*2#+#-05#207-62.0+#7+))K#
54.4*.,2#0+>)2#.,*+.1)5,*2#=5#0.0#0+>)2#.,*+.D)5,*2E#F-+,*.#,2,*+=5#,+=D85#4+8*50*.#+??2151+#
4+8#?53.828+#)5#7+4.,262.0+#7+))5#=5*821+#.,,+5B#+#20#?-*-8.#+,,+8+#48.4.02D2)+#4+8#+,4+82=+0*2#
in vivo 5)).#,1.4.#72#1.88+>>+8+#72?+**2#.,,+2#1.0#7+?212*#72#=5,,5#.,,+5E##
#
g.=+#1+00.#1.01)-,23.B#20#32,*5#,.485**-**.#72#-05#48.>85==562.0+#?-*-85#7+>)2#+,4+82=+0*2B#
35)+# )5# 4+05# 821.8758+B# 20.)*8+B# 1:+# )K505)2,2# D2.20?.8=5*215# :5# 823+)5*.# 0+)# 48.=.*.8+# `# 7+)#
>+0+#%Y#B#20#48.,,2=2*9#7+2#,2*2#Y-0NTB#)5#48+,+065#72#7-+#,2*2#72#821.0.,12=+0*.#4+8#2)#?5**.8+#
*85,18262.05)+#"+?kOE##
"+?kO#/#-0.#7+>)2#+??+**.82#0-1)+582#=+>)2.#1.0.,12-*2#7+))5#325#7+)#,+>05)+#=+725*5#75#n0*B#+7#
/#,*5*.#8+1+0*+=+0*+#7+,182**.#1.=+#-0#8+48+,,.8+#7+))5#*85,18262.0+#0+>)2#.,*+.D)5,*2#+,,+07.#
8+,4.0,5D2)+# 7+)# =5,1:+85=+0*.# 7+)# 7.=202.# 72# )+>5=+# 5)# _JM# 72# Y-0NT# @f5:)+8# 507#
n+,*+07.8?B#THHbAE#_-850*+# )+#482=+# ?5,2#7+))5#=5*-8562.0+#7+>)2#.,*+.D)5,*2B#"+?kO# ,+=D85#
,.4482=+8+#)K5**232*9#72#Y-0NT#202D+07.#)K+,48+,,2.0+#72#.,*+.15)1205#@f5:)+8#+*#5)B#THHUAE##
!0.)*8+B#-05#,+82+#72#+327+06+#,4+82=+0*5)2#7.1-=+0*50.#-05#,*8+**5#8+)562.0+#*85#+,*8.>+0.#+#2)#
n0*#,2>05)20>#@n+,*+07.8?#+*#5)EB#THHeA#501:+#5#)23+)).#7+))+#1+))-)+#7+))K.,,.#@f.-,*+02#+*#5)B#
THHWAB#1.,t#75#=.*2358+#)K2075>20+#501:+#,-)#8-.).#72#"+?kO#0+))5#8+>.)562.0+#7+))K+,48+,,2.0+#
7+)#>+0+#%Y"E#
#
_52# 0.,*82# ,*-72# ,2# 7+)20+5B# 4+8*50*.B# ,+=48+# 42Q# 48+12,5=+0*+B# )K+,2,*+065# 72# -05# ?20+#
8+>.)562.0+#5# 15821.#7+)#>+0+#%Y## 1:+# 1.72?215#4+8#-05#48.*+205# 1:+B#4-8# +,48+,,5# 5# )23+))2#
=.)*.# D5,,2B# 48+,+0*5# ,35825*+# 20*+88+)562.02# =.)+1.)582# 5# ,.,*+>0.# 7+))+# ,-+# =.)*+4)212#
?-062.02#1+))-)582E#
# OZW
g.=K/# +=+8,.# 20# 42Q# 4-0*2# 72# <-+,*5# *+,2B# 2072327-58+# 48.*+20+# 1.203.)*+# ,*8+**5=+0*+# +# 20#
=.7.# ,4+12?21.# 0+))5# 8+>.)562.0+# 7+))K+,48+,,2.0+# 72# %Y#B# ,2>02?215# 501:+# 2072327-58+#
4.*+0625)2# D+8,5>)2# 4+8# *+8542+# =285*+E# &*-72# 72# <-+,*.# *24.# :500.# 4+8*50*.# -05# 82157-*5#
544)215*235#2=4.8*50*+B#*+0+07.#,.485**-**.#20#1.0,27+8562.0+#2)#?5**.#1:+#%Y##>2.15#-0#8-.).#
1+0*85)+#0+))K200+,158+#+#,.,*+0+8+#45*.).>2+#5#15821.#72#723+8,2#*+,,-*2#1.=48+,.#<-+)).#.,,+.E#
[5,*2#4+0,58+#5#.,*+.4.8.,2#@&*+l58*#507#Y5),*.0B#THHHAB#58*82*+#8+-=5*.27+#@g.=4,*.0#THHOAB#
.,*+.,581.=2#+#48.1+,,2#=+*5,*5*212#5#15821.#7+))K.,,.#@Y-112#+*#5)B#THHeAE#
!0#1.01)-,2.0+B#+#5#,.,*+>0.#7+))K.D2+**23.#4+8,+>-2*.#20#<-+,*5#*+,2B#821.8725=.#1:+#/#0.*.#1:+#
5)*+8562.02# 5# 15821.# 7+))5# 8+>.)562.0+# >+0215# ,.0.# ,4+,,.# 5,,.125*+# 5))K20,.8>+065# 72# 723+8,2#
,*5*2#45*.).>212;#-0#5=42.#,+**.8+#7+))5#D2.).>25#=.)+1.)58+#/#823.)*.B#20?5**2B#57#27+0*2?2158+#+#
1.88+>>+8+# *5)2# =.72?21562.02B# =+7250*+# )K27+0*2?21562.0+# 7+))+# ,+<-+06+# >+021:+# 72#
821.0.,12=+0*.#4+8#?5**.82#72#*85,18262.0+#+#)K27+562.0+#72#0-.3+#=.)+1.)+#*+854+-*21:+B#<-5)2#
.)2>.0-1)+.*272# 50*2,+0,.B# =.)+1.)+# 7+1.VB# +# 3+**.82# 4+8# *+85425# >+0215B# 0+)# *+0*5*23.# 72#
82482,*2058+# )5# 1.07262.0+# ?2,2.).>215B# 5**853+8,.# )5# =.7-)562.0+# 7+))K+,48+,,2.0+# 72# >+02#
,4+12?212E#
!0#<-+,*K.**215B#2)#)53.8.#48+,+0*5*.#20#<-+,*5#*+,2#/#,*5*.#.82+0*5*.#57#5-=+0*58+#)5#1.0.,1+065#
82>-587.# 2# ?5**.82# 1:+# 20*+83+0>.0.#0+))5# 8+>.)562.0+#7+)#>+0+#%Y#E#M**853+8,.#-05# ,+82+#72#
+,4+82=+0*2#in vitro#+#in vivo /#,*5*.B#5)=+0.#20#458*+B#4.,,2D2)+#=+**+8+#20#)-1+#)5#1.=4)+,,5#
8+>.)562.0+#7+))K+,48+,,2.0+#72#<-+,*.#>+0+B#)5#<-5)+#7+3+#+,,+8+#,21-85=+0*+#=50*+0-*5#4+8#
>5850*28+#-0#1.88+**.#+<-2)2D82.#*85#2)#48.1+,,.#72#7+4.,262.0+#+#72#825,,.8D2=+0*.#.,,+.E#
#
#
#
#
#
#
# OZa
CARATTERIZZAZIONE DI MODELLI
SPERIMENTALI UMANI
-CELLULE DI OSTEOSARCOMA SaOS-2
 -COLTURE DI OSTEOBLASTI PRIMARI
WESTERN BLOT, IMMUNOCITOCHIMICA,
RT-PCR
VALUTAZIONE DELL’ESPRESSIONE DI
ER!, RUNX2, AP-1 ed NFATc1
ANALISI BIOINFORMATICA DEL
PROMOTORE F DEL GENE DI ER!
INDIVIDUAZIONE DI
POTENZIALI SITI DI LEGAME
PER I TFs:
RUNX2, AP-1/ERE, NFATc1
ANALISI FUNZIONALE DEL
PROMOTORE F
SAGGI DI LUCIFERASI
AP-1(1)
3’F5’
RUNX2(c)RUNX2(b)RUNX2(a)
TATA-like BOX
NFATc1
ERE
RUOLO PREVALENTE NEGATIVO RUOLO PREVALENTE POSITIVO
LOCALIZZAZIONE DELLE SEQUENZE REGOLATIVE
ANALISI DELLE SINGOLE INTERAZIONI DNA/PROTEINA
ANALISI DELLA REGOLAZIONE
DELL’ESPRESSIONE DEL GENE ER!
EFFETTO
DELL’OVERESPRESSIONE
DI ER!
EFFETTO
DELL’OVERESPRESSIONE
DI RUNX2
EFFETTO
DELL’ESTROGENO
EFFETTO DI DELEZIONI
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NFATc1
NFATc1
ANALISI DELLE SINGOLE INTERAZIONI DNA/PROTEINA
RUNX2 ER!/AP-1 NFATc1
STUDIO
DELL’INTERAZIONE
AL PROMOTORE con
SAGGI EMSA E ChIP
STUDIO
DELL’INTERAZIONE
AL PROMOTORE con
ChIP, SAGGI EMSA e
COMPETIZIONI
STUDIO DEL RUOLO
DI RUNX2 con
SILENZIAMENTO
GENICO ed
OVERESPRESSIONE
VALUTAZIONE DELL’
OVERESPRESSIONE DI
ER! SULL’ATTIVITA’
DEL PROMOTORE F
VALUTAZIONE
DEL RUOLO
FUNZIONALE DEI
SITI RUNX2
mediante
MUTAGENESI SITO-
SPECIFICA
VALUTAZIONE
DEL RUOLO
FUNZIONALE DEI
SITI AP-1 e ERE
mediante
MUTAGENESI SITO-
SPECIFICA
STUDIO
DELL’INTERAZIONE
AL PROMOTORE con
ChIP, SAGGI EMSA e
COMPETIZIONI
STUDIO DEL RUOLO
DI NFATc1 mediante
DEPLEZIONE con
STRATEGIA DECOY
VALUTAZIONE
DEGLI EFFETTI
DEL DECOY
CONTRO NFATc1
SULLA
FUNZIONALITA’
CELLULARE
F
NFATc1
5’ a b c
RUNX2
RUNX2
RUNX2 RUNX2
PREVALENTE
EFFETTO
POSITIVO
PREVALENTE
EFFETTO
NEGATIVO
ATF-2
AP-1(1)
F
ERE
ER!
cJun
c
F
o
s
ATF-2
ATF-2
E2
LEGAME
DIPENDENTE
DALL’E2
NFATc1
ERE
ER!
E2
RUOLO
NEGATIVO
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